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NOTICE

When US Government drawings, specifications, or other data are used '
for any purpose other than a definitely related Government

procurement operation, the Government thereby incurs no

responsibility nor any obligation whatsoever, and the fact that the

Government may have formulated, fumished, or in any way supplied

the said drawings, specifications, or other data is not ¢o be regarded by

implication or otherwise, as in any manner licensing the holder or any

other person or corporation, or conveying any 1ights or permission to

manufacture, use, or sell any patented invention that may in any way

be related thereto.
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TRAINING RESEARCH PROGRAM AMD PLANS:
ADVANCED SIMULATION iN UNDERGRADUATE PILOT TRAINING (ASUPT)

by
PR

% ' 1.0 INTRGOUCTION AND BACKGROUND

ﬂf The Human Resou- .es Laboratory, Flying Training Division (HRL/FT)

A has developed a unique capabiiity for ccnducting research on important

E methods and equipment problems in pilot training. Although the present
orientation of the laboratory is toward the solution of undergraduate
piiot training problems many of these study resuits will be generalizable
to other training programs,. Further, the flexibility of the HRL/FT
facility makes it possible to carry out investigations of many probiems
of training methodoiogy and esquipment unique to other pilot training

programs,

in planning the HRL/FT facility, contract studies were conducted
to specify the training probliems to be investigated and the organization
and equipment requirements for conducting these investigations, The
contract results were reviewed and revised by Air Force personnel and
formulated into a basic working document entlitled "ASUPT Uttiization
Concept", Under this concept investigations were cantered primarily up-
on the training probiems and training device characteristics necessary
for an effective undergraduate pilot training program to be carried out
by HRL/FT. Consideration was also given, although not so explicity, to
the training probiems peculiar to programs beyond undergraduate piiot

training.

As indicated, Human Resources Laboratory research management planaing
focused first upon research designed to increase the effectiveness of i
the Undergraduate Pilot Training program (JUPT). However, management :
was ecually concerned that, to tha maximum extent possible, the research ‘
be carried out in 2 way which would make the resuits generalizable to 5
other levels of pilot training, These considerations led to the de~
cision to Initiate a contractor conducted study to identify these
genera! training research questions, These questions were identifled
through conduct of a survey of those individuals In the fraining
comminity selected for their experience with the field, This panel of
experts was conposed of those individuals in government and industry
who were recognized as experienced and knowledgeable and who could de-
vote the necessary time to the program. The panel members were asked
to ldentify those research questions which they felt to be pressing in
terms of their impact upon pilot training effectiveness, They were
asked, also, to order these questions in terms of their importance to
Increasing the effectiveness of beginning pilot training programs,
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The study reported hsre is the result of work toward the goal of
defining those priority resear:h investigations to te undertaken
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using the research capabli!ities of HRL/FT, Specificalliy the study en~
compassed the following malor eiements:

l. A statement of the major trzining research questions,

2, An assignment of priorities by knowledgeabie individuals
to.these research questions in terms of thelir importance
to ‘increasing training effectiveness,

3, Examination ct the research questlions In light of the
ressarch capab!lities of HRL/FT,

4, Restructuring the priorities based upon the research
capablilties and constraints,

5, Setting forth the details of those experiments and
investigations to be undertaken most immediately.

2,0 METHOD

The method used in carrying out the work may be described under
three major categories of effort., These were (a) development of 2
priority list of research questiciis in terms of their impact upon train-
ing effectiveness, (b) examination of the cupabilities of the research
facility and, (c) delineation of the high priority experiments, and in-
vestigations to be carried out using the faciliity,

2.1 Development of a Priority List of Research Questions

The development of the list of research questions and the deter-
mination of the priorities of the items on the list was carried out In
two phoses, Ouring the first phase a list of research questions was
generated through review of the relevant current literature, and most
importantly, by a panel of selected individuals, These individuals were
generally recognized as experts in the field of pilot training and
research, Thelir background reflected experience in government agencles,
ur (versities and private Industry. These panel members were contacted
In person ot by telephone and a follow~up letter explaining the project
In detail, was sent, A copy of this letter is given in Appendix A,

Twelve pane! members submitted research questions which they believed
to be most relevant to be investigated in order to increase the effective-
ness of pilot training. In all, a list of flfty-five research questions
was generated., These research questions were not equal with respect to
the breadth or scope of effort which would be required. They were, how-
ever, those questions which were deemed Important enough by this group ot
experienced Individuals to be included in a research program, These
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questions were definad and explained as concisely and clearly as possible
and re-submitted as a total list to saach of the indlviduals on the panel
for their judgments as to the priority rankings of the questions, The
definitions of the research items are given in Appendix B, The instruc-
Tions fo the raters for assigning priorities are given In Appandix C,

The method suggested to the pane! members for assigning priorities
was a modified paired comparison tsechnique, Tihis technique requlraed
that each item be listed on a 3x5 card, The rater selectsd one item and
then sorted the remsining items as to whether each item was of greater
priority or lesser priority than the item selected. This procedure re~
sulted in two groups of items; one of higher priority and another of lower
priority than the selacted item, Each of these groups were then sorted
in a similar manner and the resulting groups further sorted in the same
way unti| groups of four or five items were 2ttained, These items were
then ranked as a group and, finally, all items assembled into a priority
iist. Ten panel members sssigned priorities, two being unable to because
of other commitments, The results of these listings and the priority
ratings are given and discussed in Section 3,0.

2.2 Examination of the Ca-.abilities of the Research Facility

The objective of this phase of the contract effort was to examine
the AFHRL/FT research capabilities and constraints so that particular
rasearch investigations cou!d ba detalled and recommended, These recom-
mendations could then be based on these capabilities and constraints, as
wel! as the results from the panel of experts.

The items oi research equipment at the AFHRL/FT facility will be
tdentified here only In general terms since they are described in detaill
In Hagin and Smith (1974),

The major item of research equipment Is the Advanced Simulation in
Undergraduate Pilot Training (ASUPT) device. ASUPT has come ‘o mean the
large scale two cockpit full motion capabllity simulator with a 7 channel
computer generated visuai system. This device Is described on pages 7
through 26 In Hagin and Smith., To summz. ize, It has a six degree of
freedom motion system and an external world visual system with a field
of view which essentially duplicates that of the T-37 aircraft which i+
represents, The Computer Image Generator (CIC) produces a vary extensive
variety of objects for making up the visual scene for the pilot.

The ASUPT device incorporates a number of advanced Instructional
features which may be tested for their confribution to teaching sffactive-
ness. These capabilities inciude selective task sequencing; variabie
task difficulty and complexity; selective malfunction insertion;
simulator freeze; rapid re~initialization; avtomsted demonstration; self~
confrontation; and a number of methods for providing knowledge of resultz
to the trainee,
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* This trainer Is an instrument and procedures trainer incorporating a two

The total HRL/FT training research facllity includes several de-
vices less compiex than the ASUPT which makes it possible to investigate
certain research questions using these less comn!icated and expensive
devicos, The first of these Is the T~4G trainer, This device is a two
degree of fresdem moticn pletform trainar 4ith 3 Singer, SPD Elscironic
Perspective Transformetion (EPT) visual system, The lmage genaration
system, based on a color movie film, uses a CRT to project an electron-
icatly generated horizor display such that an approach, ianding and take-
off soquence may be presented as 2 visusl display for the trainee,

Another important item of research equipment is the T=40 trainer,

degree of freedom motion system, It Is a side~by~3ide seating cockplt
with an instrument ccnfiguration simiiar to tnat installed in the T-39

alrcraft,

A further research capability in the HRL/FT facility is the Formation
Flight Trainer (FFT), Thic trainer Is a fixed bass low fidelity part-
task trainer which provides somse of the sssentiai visual cues for teaching
undergraciuate pilots the basic formation fiight skills, The cockpit has
a3 stick, throttie, rudder pedals and simple instrument displavs and the
trainer incorporates the rudimantary flight dynamics of the T-38 alrcraft.
A spherical screen is used to provide a 200 degree horizontal and 90 de-
gree verticsl fleld of viaw upon which Is projected an image of either 2
T=37 or T-38 model alrcraft, The trainee is given the oppcrtunity to
practice flying formation from observation of the projeffed image of this
aircraft on the screen.

An Important capzbility of the HRL/FT research facility is the Auto-
matic Data Acquisition and Controt System (ADACS), used in connaction with
the T-4G, T-40 and FFT trainers., This !s 3 system which has as Its basic
unit a System Engineering Laboratory (SEL) 72 computer, The ADACS is
capable of sampliing data from the T-40 trainer, the T~4G and the FFT ang
processing It for up to 29 measurement parameters. Tne ADACS permits
accomplishment of research In the area of recording techniques, perform=-
ance msasures and prcficlency measurement using both on-line and off-line
techniques. The ADACS faciliity can bo Interfaced with the SEL 86 com-
puters which are the core computers for the ASUPT device., Together the
SEL 86 computers and the SEL 72 comprise a powsrful computationa! cap=
ability for the HRL/FT facility,

Other capabilities within the HRL/FT facliity support research both
in the determination of training device requirements and ! ¥ralning
rmsthods and training device utiiization, The first of these Is vn eys
movement recording capabiiity which has been developed by HRL/FT parsonnel.
The device can .s used both in alrcratt and simulators and is uesigned
1o provide data with respect to the information or important content
of the display used by t+he pllot and the required fieid of view, A
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sacond capability Is the laboratory's audio-visual instructionai media
facilities, T .ese are comprised of a video laboratory for the pro-
duction of videc insi.uctiona! presentations, a series of learning center
carrels and the Audia=Visral Instrument Training device (AVIT) developed
by Life Sclences, I»r Tiis latter device has the capabliity for pre-
senting both visuol enrd rudio information, forward and backward branch-
tng Tn both sudio anr “izzi mudes and interaction with the device by the
studani toth with afrce.*> controls and muitiple cholice angwer response
ko‘f‘.') .

A %inal major an¢ . wottanr riere of equipment available to the
HRL/FT faclitlity is an Lot up.iied V=37 alrcraft. This aircraft Is a
vary iwportant piece of equipien® for obtalning tasic Information

elgvant to the pilo*'s ovaraii system performance and Is essential to
the et of the peri. ".ance equlvaiynce thesis discussed in Section 4,0,
o5t impcrtaatly, ©0 < ''ews for fhe ~ocralation of the levei of the
oligtt, gorformanco in cont-eliing sys w ou*e it parameters such as
roudicoy and alcspurd v'th catrol (wou® paramsrers such as fore-and-aft
a9 P acoral stick movaments, Thuya messures are essential to establish-
My deva base for th. . zvsimination of the equivalence of the ASUPT
vev 7o ¢ the glre <4t v o, simulateq,

2,5 Dslinsstion of the H jk f-iori{y Experiments

Based upon the priariTe «ssignment by the pane! of experienced
individuals and the capabilities of the research equipment and constraints
surrounding tne research facility, certain experimeats and supporting
invastigutions havy besn eelincated, In the delineation of these ex-

. perirants it was felt that the highest etfectiveness possible should be

made In the use cf the research equipment and personne!, Therefore, 2
second group of individuals with experience in experimental laboratory

and {1 1d investigations was selected to provide expertise in how thess
axperimants should be conducted. it was a function of this panel to
prcvide guidance in Zesioning these experiments so that they would be

m.st economical and most effective in attaining results which could de
used wiin confidence in decisions with respect to tralning proce v 'res

and *raining methods, These experiments are delinocated in a later section,

it was also feit necessary to examine the research questions,

particularly those having 45 do with trzining methodologies and progression
of the trainee through the training program, utilizing less complex ana
expsnii~ cenices to the maximum extent possible. |t was felt that much
ir ,rmation directly useful for improving the effectiveness of the Undei =~

-aduate Pilot Training program cuuld be gained through direct use and
experimentation with the simpler devices, For example, ear!ier work with
the use of the T=4G simulator In the T-37 Undergraduate Filot Training
program has demonstrated the worth of such devices in determining the
contribution of different training approaches, (see Woodruff, Smith &
Morris, i972), They have also proved vaiuable In the investigation of
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% system performance measures and are recommended to be put to further use
in the investigation of operator output performance measurement, ‘he

2 audio-visual capabitity of HRL/FT along with devices such as the AVIT

34 are important to investigations of training in specific training objec-
ﬁ tives which form the basls for accomplishing the final training objective
i for the undergraduate pilot.

4

?§‘ 3.0 PRIORITY RATINGS OF RESEARCH PROBLEMS

ﬁ; The priorities sssigned by the panel of experienced training research
# individuals were used to gererate an initial listing of probiems judged

£ to be important to increasing the effectiveness of pilot training. This

Iist, taken in conjunction with the capabilities of the HRL/FT faciiity,
provided the basis for deriving a list of recommendad investigations,

e AR Lt
= "‘,":l‘:‘-ﬂq Ay

As was described earlier, the membors of the panel were asked to

?& arrive at a listing of the items using a modified paired comparison

‘ﬁ“ technique such that high priority itoms could be identitied, This

B0 techrique Is described in dotall in the Instructions to the raters given
. in Appendix C.

#e

K The median ratings for the items were computed and are tabled in

3 Appendix D, along with their semi-interquartiie range (Q) values, An

3 abbreviated list in judged order of importance is given in Table 3.1,

4 This list is derived fr. m the panel list and considerations of adminis-
& trative, scheduling and equipment constraints, It wi!l be discussed in
3 detail in tater secticrs.

.-"

& Tabie 3,1

g Atbreviated List of First Priority Research {uastions

‘ﬁ’ Formulated on Basis of Muitiple Criteria

A I. Motion=V!sion Interaction

2 2. Content of the Visua! Dispiay

b 3. Sequencing of Training Tasks

b 4, Cognitive Pre-Training

% 5. Individualized Instruction

E 6. Feedback

5 7. Instructor Training

i : 8., Contextual Training

o In considering the items in these |ists an examinaticn of the semi-
3 interquartile range values listed under the Q column is in order., These

; values reflect tho variabiiity among the ratings for the several items,
4 . Thay show considerable variabiiity In the ratings of the items given by




the pane! members, To a great extent, this variabiiity arises from
genuine differences of opinion among the raters as to which problems are
more important for solution In improving the effectiveness of pillot
training, However, some of the variabi{lty comes from the seemingly in-
escapable intrusion of other criterion into the rating procedure. Since
the pane! mumbers have been working first hand with on-going Training
programs and carrying out training reseerch In operational settings,
they found it difficult In some cuses tc assign yriorities on a purely
detached "conitribution to training effactivenuss™ basis, For example,
some judgas felt that certain items required mors effort In pulling to-
gether relevant information in the literature and in applyling that
information to the probfem, The feeling was that if this were done,

the [tem wou!d not command & high priority in an on-going research
program. Some Judges felit that certain {tems were so Important on other
bases, such as pilot acceptance, that it would not be worthwhiie to ex-
pand effort on evaluating them in terms of contributions to training per
so. Again, some Judges felt that for certain items such as aircraft
dynamics simulation, the engineering developments were such that research
as to Its relationship to training effectiveness could not be considered
high priority, That is to say, that providing high fidelity in the air-
craft dynamics simuiation was felt to be so feasible and relatively
economical that research on the fidelity of alrcrafi dynamics simulation
was not particulariy urgent,

Tho comments and annotations by the panel! of judges in assigning
the priorities to the research items are important in interprating the
priority list. However, those items which appear in the top ten of the
list in Appendix D are not dissonant with the general conclusions to be
drawn irom discussions with “he individual judges. This is also true of
the ic¥ sriority items In the 1ist,

iT was Indicated in Section 1.0 ‘that the research investigations to
bs undertaken as first pricrity wouid be selected on the basis of the
research priorities assigned by the tralning problem and other consid-
arations. These additional considerations are: the capabilitiass of the
research facitity, the criticality of a question in terms of timely in-
put invo the tralning change process, and administrative considerations
such as sihject and research personne! availabitity and practicality in
scheduling, Those considorations, taken along with the experts' ratings,
form the basis for an overal! plan for undertaking investigations 2nd
the recommending of certain first priority experimenis. The plan and
‘the experiments are described in Section 5.0.
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4,0 METHODOLOGICAL CONS!{DERATIONS
4,1 Generai Consliderati-ns

There are csrtain considarations which It is falt skould be dis~
cussed before arriving finally at a nlan for long range training
research, The first of thz=se are the difficulties inherent in carrying
out ciassical transfer of training experiments, These difficulties make
it advisable to examine slternate methnds for obtaining experimental
data for use in meking decisions about training methcds and training
devices, The deveiopmont and test of methods which may provide useful
data more economically and in more timely fashion Is an area which is
recommended as worthy of investigation because of ihe potential savings
in money and time,

The difficulties attendant on ciassical transfer studies are time,
cost and avallability of experimental subject trainees., In order to
assess adequately the transfer effacts of any given variable under study,
a raopresentative sample of & class of students Is required for wach of
the experimental groups and the control group, The calendar Time re-
quired for an experiment can vary from a short pericd when the effect of
training in the simulator upon the performance of a single task Is
assessed to that time required to train a class In » complete curriculum
as would be the case when Investigating different sequences of the train-
ing fasks, When the experimentsl question is that of the configuration
of the training squipment the mothodologica! problems are somewhat diff-
erent from those in which the research addresses trairing methods:and
equipment utiiization, Let us first oxamine the training methods and
equipment utilization research area, since It is here that the classicai
transfer of training methods are most applicable and wiil need to be
preserved,

The primary problem In *he classical transfer approuch lles in the
cost and calendar time required foi' transfer to the alrcraft after
training in the simulator, In order to expedits the acquisition of
Information relevant to the effectiveness of different training methods
and ways of utilizing the simulator, It is proposed that studies be
undertaken to establish the full ASUPT simulator as a criterion. system
to be used in those transter of training studies investigating training
methodology and simulator utilization,

With this approach, it Is essential that the ASUPT devics be
established as a valid representation of the alrcraft, In the past this
has been done in two major complementary ways, The first of these Is
to Implement the mathomatical moJdel of the fiight characteristics of the
eircratt as.accurately as possible in the simulator computer, The
second, is to make the general cue environment of the pllot as much 1ike
that of the aircraft as possible using the criterion of asking experi=-
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enced pllots to fly both the simuiator and the aircraft and to make
judgments as to their similarity, |t Is proposed that this technique’
may be strengthened by the use of measurements of the plliots' controi
performance while flying both the aircraft and the simulator, It Is
propased that an estimate of the population distribution of these per-
formance values for the aircraft be established through collection of
datz in an instrumented T-37 aircraft, The rationale Is that, if the
experienced pilot fiies the aircraft through maneuvers in which specified
system moasures are required to be within spacified limits and it is
shown that his controi performance in the ASUPT while performing within
ldenticel limits is the same as in the alrcraft, this is supportive data
] 3 to the equivalence of the simulator to the aircraft in respects important
3 : to pitot contr-!. "Iy -.tline of a data collection program in the air- i
' craft is dis.. ..eu In Saction 5,2,5. -

1 3 e me... ¢ being proposed has been termed the performance equiva-

‘ lence approach to establishing the characteristics of the training
simulater, The method constitutes a quanflflcafion of the presant
methods for using the skills and knowledges of highiy trained and i
experiencsd pilots In making the simulator equivaient to the aircraft :
in terms of the pllot performance required, Establishing the utility
and vatidily of this technique In the ASUF™ investigations will provide
the ground work for its uie in the evaluation and calibration of othar
training simelators within the Air Force.

Performance equivalence in terms of operaicr performance is assumed
to be established upon demenstration that his paevformance under one set
of conditions is not different from his performance under a reference
set of conditions, That is to say that performance measurss of operutor
output obtained in the Instrumented aircraft may be used as an estimute

of the population mean (X) and the standard error about that mean (0%
for specified msasures, Confidence |imits may then be set up about the

mean to determine whether any other set of conditions, i.e., con=-
figurations of the simulator, fall within or withou* those confidence \
A limits with respect to the performance measures being tuken, it is i
- : necessary to ..int out that the performance megsures in question must ’
5 % be establisheu as being reliable, discriminating, and logically and
2
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meaningfully refated to the task at hand.

Once the ASUPT system has been established as being representative
; of the criterion aircraft and performance equivalence has been estab-

3 g lished, the system may be utilized as the criterion system for transfer

of Yraining experiments in which the alrcraft wouid normaily be used.

Atso, it provides a criterion system for research in situations vhich

are not practical or advisable in the aircraft, These are those which

either pose safety hazards or impose unusua! stresses on the aircraft,

The question of the generalizability of the findings regarding
training methods obtained in this manner may be raised at this point,
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i+ could be heid that results as to the ccmparative effectivenass of
different training methods sbtained through using ASUPT as the critecion
system o> not valid for training for ¢ri sfer to the alrcraft, if this
thesis were true It would follow That the -esults could be heid net to
be valid for use In other simuiators as well or that methods usad in
one training alrcraft are not useful in another., Either contention
wouid seem to be contrary to the body of evidence and practice in
education and training in which trairning methods and techniques are
valid across a variety of training situations and training materials
and are not unique to them,

The second major area in which training effectiveness decisions
must be made Is that of the conffguration of the training simulator,
Here again, we may consider the use cf the classical transfer of train-
ing paradigm and the role that might be played by other methodologies
in support of training effectiveness decisions. When carrying out a
classical transfer of training study in which the question is being asked
as to the retative importance to transter of training of given lsvels of
the characteristics It is nécessary to establish levels of that varisbic
for-experimental study, For example, a transfer of training study might
be carried out In which ail combinations of degrees of freedom of iove-
ment ‘of the simulator are selected as experimental conditions, The
number of possibie experimental conditions and tiainees, as veli as the
ancunt of calendar Time required for the experiment would be very large
(see¢ Smith, 1972), Further, and importantly, it is necessary to carry
out prior studies tc determine whether each of the levels of the experi-
ment a3 defined In physically moasurable terms is meaningful, These
antecedent studios wouid have the goal of determining which of these
physicaily defined conditions are differant in terms of the piiots!'
performance.,

It is evident that meny characteristics of a simulator In which wo
may have a valid interest as to their training effectiveness may te
defined in physicel units which can be differentiated through use of the
appropriate metric but which cannot be differentiated by the operating
pifot at the level of his perception and/or performance. This ls the
classical psychophysical problem In which intervals on the psychological
scale bear a relationskip to the intervals of tha physica! scalg, but
not necessarily one which is |inear or even monotonic. !n training
affactiveness research the leveis of a variable being investigated must
be set based upon intervals differsntiated in terms of performance rather
than physicai units, The dstermination of the performance intervals is
prerequisite to transfer of tralning research ‘or many varisbles of
interest, To Iliustrate further the Importance of the psychophysical
relsztionship we may -onsider the fidelity of motion variable in fraining
simulator research, The degree of fidelity of motion may te defined In
physicaily measurable terms in a variety of ways which could be varied
systamatical ly to determine its effect upon transfer ov training.

Parenthetically, in choosing the physical expression of a variable cne
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should be seiacted which is meaningful and useful for the simuiator de-
sign engineer, The fidelity of motion variable may be expressad in terms
of the frequency response of the motion platform to some driving function
which might be varied over a range of physical values for experimental
purposes, However, in this case, as Is true in many others, there is
virtual ly no background information to guide the experimenter in setting
lavels of the experimenta! variable, As stated earlier, it is necessary,
througih essentially s psychophysical procedure, to establish discriminable
intervais of the variable before considering further experimentation,
What must be estabiishad ore the physical intervals of the variable which
are different for the operator in terms of his performance, Like the
fide!!ty of motion variable, a great many variables of research interest
require establishing the psychophysical scale before experimentation

can proceed,

What is proposed is that pricr to the conduct of transfer of train-
ing experiments, it is necessary to establiish, for many experimental
variables, that the conditions or levels of any variable being examined
are different in terms of operator performance, Conditions or levels’
set up on the basis of the physical measurement of the variable may or
may not be different in any way meaningful or even perceptible to the
pilot, Those levels of the experimental variable which do not differ
with respect to performance could not be expected to differentiate with
respect to transfer of training, 1t is o be emphasized that estabiish=
ing the limits of the physical scaie within which performance is equi~
valent estabiishes an interval on the performance scale and that ievels
of the experimental variables must be set on the basis of this scale.

Once the ASUPT has heen established as the criterion system a less
costiy method than classical fransfer can be used for obtaining infore
ination about the effectiveness of simplified systems, The method rests
on the assumptions that transfer of training from the criterion ASUPT is
gositive and high and that a modification of ASUPT, even though different
from the criterion ASUPT in its physical metric, when equivalent to it in
terms of pilot performance will provide equally positive and high
transfer, Given these assumptions many simulator characteristics which
are Important tc investigate from a cost-effectiveness stand-point may
be studied without conducting formal transfer of training experiments,

The minimal system which is equivalent vo the criterion ASUPT with
respect to any simulator characteristic is just that - the minimal
essential physical system which Is equivalent in terms of performance
to the more complex one, It Is assumed that transfer to the uircraft
would be as great using that system as with the criterion system, How-
ever, other configurations which could be quite uniike the criterion
ASUPT in some of its characteristics might be better training configu=~
rations, That iIs, ths trainer may be modified in some of its character~
istics or additions made to it to enhance its efficiency as a training
device,

ks,
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The point just made leads *o making the distinction between effi-
cient training and effective training, Efficlent training is that which i
b brings the student to the immediate training goal most economically in
b the least training time, 1f the skill attained upon reaching the imme-

' diate tralning goatl can be appiied in a larger training objective the
immedizte goal training is effective in terms of the lerger goal, For

29 oxamp'e, 'f the cues used in approach and landing can be taught more

s quick!y usi j & highliy abstract display we have an efficient training
tecanique, It will be an effactive technique only to the extent that the
skills acquired by that tschnique can be applied in the targer more
realistic situation, l.e,, positive transfer takes place,
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We may assume that any iraining which transfers positively fo the
ASUPT criterion system is effactive training for the aircraft, Or we may
not accept as effective any training method, procedure or equipment until
- 1+ has been demonstrated that positive transfer to the aircraft is the
case, The choice is simple but significant with respect to cost., The
adoption of the ASUPT as the criterion system for investigation of the
most efficlent training methods and simulator utilization is believed to
B involve small risk, In determining the minimally essential character-
fstics of the training simulator, the use of performance equivalence
mathods to estabiish the least common denominator which is equivalent to
the ASUPT criterion system appears logica!ly sound, The experimentai
data to support it are sparse although experience with simulator con-
tigurations over the years lends i+ credenca, It only needs to be re-
called that all manner of simulator configurations have been used with
positive results, What is needed is tihe systemization of the method
tfor varying those configurations to determire which we might settie upon
for use, The transfer of the training from that configuration seems
assured, Studies designed to develop and test such an aporoach are
proposed in latar sections of this report,
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4,2 Performance Measurement

in assessing the rate of acquisition of skill or the final level of
skill of an operator of a complex system such as an aircraft, performance
may be evaluated at two points in the system., These are at the system
output point through such measures as heading, airspeed and altitude and
at the control input point through.measurement of control movements,
These measurement points (MP) are shown in Flgure 4,1,

It scems a reasohav.e assumption thzt an efficient training system
would astab- '3k In the trainee quick!y and economically the control
input behaviors of the experiencsd and skilied operator appropriate to
bringing about the specifled system output, Training may be thcught of
as shaping this control output behavior, Knowledge of the level of
this behavior as tralning preogresses would be useful to the instructor
in guiding the student,
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Figure 4,1 Performance Measurement Points (MP) in the
Man/Machine System

When all training 1s given In the alrcraft, i.e,, the final criterion
system, concern with the control input as an Index of sk!ll level as
opposed to system output is a less important matter, System outputs are
availabie, have been used as measures over a long period of time and a
gcod deal Is known about them, (See Demaree, et al,, 1964) Concern with
the operator output parameters begins when the desire is to train In a
simulator the skills required for precise contro! of a dyrnamic system
such as an alrcraft, It is ther that system output measures may be mis-
leading since the kuman operator can adapt his control behavior to bring
about the same system output over a broad range of different systems,

In this case, the simulatur may shape control input behavicr not directly
transferable to control of the alrcraft 1f the simulator divfers in the
criterion system in significant ways, |t may be possible for the operator
to control the system such that the correct system output is obtalned while
at the same time requiring quite different control’ inputs - Inputs which
would then be inappropriate to the criterion system wlth resu!ting reduced,
or even negative transfor of training,

The emphasis hers on measurement of operator output behavior at the
control Input point is its use In the performance equivalence approach to
the investigation of the necessary characteristics of training simulators,
With this approach the exparienced pilot Is a "callibrated" control siement
being observed to determine whether his control output behavior changes
with prescribed changes in the system which he Is controlling when
system performance Is maintained at a prescribed level, What is sought
Is a measure which is a reliable description of the pilot’s control
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A behavior and is sensitive to changes in task conditions such as the

s dynamics of the system being operated or chunges in the sources of his
5 information for controlling the system, An example of the latter is a
. change in the dimensions of movement of control of the motion platform

% .
3 In an atrcraft simulator,

srmdon

% The behavior of the human controiler in a complex ciosed-ioop system
- is exhibited in a complex time varying output through the controls of the
systam, A simple, direct, and preferably "on~line™ summarization of this
output is required, Previous work has showr that such measures as the
¥ power density spectrum, the breakpoint fres..ncy of the transform ot that
§§ spectrum and the percentage of power in s2/icted portions of the spectrum
4 are summary measures which reflect meanin 'rul changes in the operator's
e behavior with changes in the conditions o1 the tack and may be useful

. measures, (See Norman, 1973 and Matheny et al., 1974) The relative re-
Iiz>ility of such summary measures and thelir inter-ralationships need +o
g be astablished, What is required Is an exanination and analysis of
B piioi contro! outnut behavior in the complie» control situation across a
3 range of conditions of extern.’ disturbance: t» the systom and of re=
quirements for zontrol, i.e., maneuvers or “asks., Systems which have the
capability for experimental manipulation of variables for studying this
behavior and providing answers to practical questions regarding simulation
, requirements are ASUPT, T-40 and T-4G simuiators, and the instrumented
i T=37 aircraft, The use of these devices in developing such parformance
- measures and in the overall research program is discussed in Section 5.0,

5.0 RESEARCKR PROGRAM

5.1 Overail Plan

The major eiements in an overall plan for a research program in under-
graduate pilot training are shown in Figure 5.1, This plan Includes as a
first phase deveiopment of procedures, methods and measurement techniques
for use of the research esquipment, The second phase Includes carrying out
screening experiments and more formal investigations, The first stage
serves to provide a technological base for experimentation and is funda-
mental to research in the program, 1t is designed also to produce data
applicable to other training research programs and to training research

device procurements,

The research phase ot the program s divided into Investigations of
training methodology and of training simulator requirements, Each of
these areas is further divided into 3 screening and a validating phase,
The screening phase Is designhed to narrow down the muftitude of variables
in a systematic way, particulariy with respect to the simuiatce re-
quirements research area prior to more intensive formal experiments,

1t should be mentioned that training methodology znd simulator
requirements are not mutually exclusive areas of research, Certain

14
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training methodologies will require the use of particular simulator
characteristics, Conversely, certain simulator requirements wili require
the utilization of certain =sinudologies, It should be noted also that
the results of screening experiments may form the basis for recommenda-
tions for improving training effectiveness without going through the
more formal experimental stage.

The research pian provides for the investigation and test of certain
less well used investigative methods with the goal of determining the
utility of more economica! experimental apprcaches and designs.

The various elements in the overall research plan are discussed in
the sections to follow, .

5.2 Establishing a Technological Base

Establishing a technological base means simply that the dsvelopment
and tost of procedures, msasuremsnt techniques, equipment checks and
the |ike are necessary antecedents to carrying out a research program,
The technolcgical base discussed here extends beyond this since It
racommends a somewhat different zpproach by proposing to establish the
ASUPT as a criterion device for the conduct of investigations and
experiments, This phase of the program is intended to provide the data
for the characteristics of a training simulator, This perforuance
equivalence approach was discussed in Section 4.0,

It should b pointed out aiso with respect to establishing the
1-~hnological base that the working out of procedures, measurement
techniques and the like are proposed to bc accomplished using specifi-
cally designated experimental variabies as the vshicle for deveioping
the procedures and techniques. The working through of such an experi-
ment is intended to provice practical information for the technnlogical
base as well as to provide useful data on the variables involved,
however, iimited or preliminary. This experiment is proposed to te one

. In the simulator requiremenis rasearch area.

5.2.1 Equipment Familiarization

The information tc te gained and procedures to be astablished under
this category are concerned principally with experimenial equipment
characteristics. Here the research personne! will gain familiarity
with the problems and procedurcs in contiguring the equipment,
Generally, the order of experimental equipment configuration is deter-
mined by the experimental paradigm adopted by the researcher. However,
in those experiments dealing with simulator requirements using the
performance equivalence paradigm the order of experimental conditions
may be set up to be most efficient in terms of equipment change rather
{than overail experimental paradigm. This holds since experienced
pilots will be used as subjects and will be trained to specified levels
of system output under given experimental conditions, Under this
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experimental method 1t is not critic.i that the conditions be orderad
3 in any partisular manner with respect to subject learning, It Is
4 possible then to order the experimintal conditions in terms of ease of
transitioning from one equipment conflguration to another rather than
In accordance with some overall experimental paradigm. Information
3 obtainad as to the most econcmica! way of changing from ons squipment
B condition to another can be obtained during the early equiprent familiar-
l ization phase and will prove a vaiuable time saver later,

These preiiminary studies and investigations will afford the appor-
tunity for obtaining data on the consistency and retiability of the
equipment under continued experimsntal use., Idiosyncrasies within the

. system can be identified so that they may be taken into account in planning
future experiments,

A necessary concern {s with establishing calibration procedures for
the important and necessary parametars within the system during experi- :
mentation, The type and fraquency cf calibration necessary 7o keep the i
aquipment functioning at a standard lavel for experimental purposes must i
be established during this phase and provides data for the technological
bzse.

'H An important function to be accomplished during this phase is the

: determination of how the experimenters and instructors will function at
B¢ the ASUPT console or instructors® stations ir carrying out the experi-
ments, Since the two instructor stations di fer in terms of the infor-
mation available to the exparimenter or instructor, the procedures and
practices ¢ - providing instructions to the subjects need tc be worked
out and function smoothly, |

MR | g
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5.2.2 System Measures

These measures are those referred to as M, in Figure 4.2 and roflect !
the performance of the totzi man-machine system., In atrcraft they are 3
such parameters as alrspeed, heading, aititude, and pitch or roli angle,
s It Is necessary that these be deveioped and specified for sach of the
3 research devices such as ASUPT, the instrumented airplane and the T-4C
: and T-4G trainers., The specification of these measures Is Important
throughout all phases of experimentation although their use differs
between the training methodology and the simulator requirements zreas.

-
NS !

In the areas of precision of aircraft control useful and reliable

A measures have been developed for most maneuvers both in the simulators

E 2ud In the alrcraft., Criterla against which pertormance may be measured
3 can also be rather readily establishad for carrying out the required task
A procsdures.

i) g System output measures are being established by the Human Rasources
: ¢ Laboratory, Flylng Training Division, through contract and HRL/FT
: personnel efforts, The HRL/FT effort has bsen summarized by Waag (1974)
in which he points out that the major emphasis in the present performance
measurement development is toward developingy those measures which reflect
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performance in the simulator, i.e., ASUPT, Emphasis Is places upon these
performance measures since It |s assumed that performance In the simulator
will be positively related to performance in the alrcraft and it is,
therafore, possible to use the simutator as a criterion device for in-
vestigating hardware ccnfligurations and training strategies, The HRL/FT
in~house work s also directed toward defining the objectives for any
particular mansuver or sequence of training tasks and +-~ dovelop measures
for thosa partinular criteria, A major effort is beiny directed toward
developing measures which will determine the dagres to which the criterion
objectives are met; retlect only the sallent characteristics of perfor-
mance; are useful by the student and the instructor pllot; and are
generated on a real-time basis so that feedback may be immediate.

The systems measurement work deing carried out by HRL/FT personnel
provides 3 sound basis for selectior of system measures for any given
experimental investigation, Life Sciences' efforts have, thsrefore,
been directed toward the development cf operator performance measures
ratner than system measures. ([t should be noted here, however, that
HRL/FT efforts have not been |imited solely to systems measures but have
aiso besn concerned with operator output measurement.

5.2.3 Cperator Performance Measures - T-40 Experiment

Operator performanca meassurement was discussed In Sectlion 4.2 iIn
connaction with the performance equivalence exparimental paradigm. These
measures are taken at the controls operated by the pilot and reflect his
inputs into the system. They reflect his direct response to the stimull
presented to him by the system. They are distinguished from system
performance records which raflect his rasponse plus the variability in
the system through which he is operating.

Investigations In the ¥ -40 training simuiator can be designed to
examine di fferent procedures for summarizing the time varying operator
output lnto the controls, to examine inter='adividual differences in
these summary measures and to determine the stability or reliablility of
these measures over time, This device coupied with the ADACS data ra-
ccrding system constitutes a most sultable cavice for preliminary in-
vestigations of these questions.

As a general condition of the axperimunts in which operetor output
measuras are being examined, the pliot must control the system to a
prescribed lovel of system performance at which time his control output
behavior is reccrded, 1t Is necessary to standardize system performance
in orde:r that changes introduced into the system belng controlled may be
reflectad in the operator's control output. Control output behavior is
then compared across changes introduced into the system or ihe task
being carried out. When such chaznnes do not recult in changes in the
experiencad operator's control behavior, the conditions being studied
are concluded to be behavlorally equivalent,
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As Indicated, the object of the proposed T-40 experiment is to
examine the methods for summarizing operator confrol outputs across
differen* levaels of conditions in the T~40 trainer, In this experiment
the data of interest are the oparators' control outouts for a specified
period of time under the given experimental conditicns after he has
reached & specified level of performance in systems output for that
condition. The subject pllot will practice the condition until he has
reached the specified performance lfevel on the system output measures
of heading, altitude, airspeed, pitch angle and bank angie. The
several conditions of the experiment are given in Table 5,1,

Table 5.1

Experimental Conditions for Investigating
Performance Measures in the T=40 Trainer

CONDITION VAR{ABLES

TURBULENCE LEVEL TRAINER MOTION MANECUVERS
1 Low On St & ewn ]
2 Moderate On St & leve
3 High On St & leve.
4 Lov Off St & level
5 Moderate Off St & level
6 High Off St & level
7 Low On 30° bank tura
8 Moderata On 30° bank turn
9 High on 30° pbank turn
10 Low off 30° bank turn
1 Moderate Off 30° boank turn
12 High Off 30° bank turn

The following !ist of plans and procedures apply to the conditions
given in Table 5,1:

!, Trials are two minutes in length,

2, Subject pilots are to be experienced fnstructor pilets,

3., Subject will practice the maneuver under each conditior
until he reaches criterion performance on the system
specified output measures,
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4+ System output measures are heading, altitude, airspeed,
bank angle and pitch angle.

5. Operator output mezsures are the subject of the investigation
znd anslysis is psrformed on the recorded output of fore-and-
aft and lateral stick and of throttie,

6. Conditions tabled above are for a single subject. The order
of trial conditions may be varied from subject to subject to
obtain an estimate of order effect, However, the subject .
practices each condition to criterion level so this effect
should not be significant, It Is desirable to space triale
and conditions to avoid fatigue and boredom,

7. Subjects repeat the conditions aftor Qne day and again after
one week,

in this expe: iment the measures of particular interest are the pilot's
control output measures at the iime he has reached specified levels of
performance on the system output measures., The control measures arbd
derived from fore-and-aft and laterai movements of the stick and move-
ments of the throttie. These movements may be summarized in a number
"~ of ways, What is sought Is a simple, on-iine summarization which re-
flects reliably the pilot's performance and is sensitive to changes in
{ it. It should reflect changes with practice and level off at the same
: point at asymptote., Those measures which are proposed 1o be examined
g are: Stick force (mean and mean square value): stick Z score and
| throttle Z scire as developed by Dr, W, Waag of HRL/FT for the ASUPT
’ program (the sum cf the squared differences between present stick vector
position and last stick vector position): stick fore-and-aft and
lateral position computad In the same menner as stick Z: the proportion
| of operater output power beluw 6 radians and-above 2, termed cross-over
: power (see Norman, 1974): and transforms of the pilot output power
| spectrum which allow determination of the uppar breakpoint frequency of
; the pilot's output (see Matheny et al., 1974), It is also proposed that
the power in narrow frequency bands around 6 radians will be examined
for the shitt in power as a function of experimental conditions. The
results of these anaiyses will be used tc guide the development of
cperator performance records in the ASUPT and the instrumented aircraft,

5.2.4 Operator Performance Measures = ASUPT

1T is proposed as a part of the ~Zollection of technological base
informetion that an initial experiment be carried out in ASUPT, The
princliole purpose is the gathering of information about operator
performance measures and equipment procedures, Howaver, at the same
time, it may provide information and insights about the effects of some
relevant varlables. This experiment Is proposed to repeat the
essentials of the T-40 experiment described in Section 5.2,3 with an
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additional variabie termed "visual dispiay". The seledtion of conditions
wili be guided by the results of the T-40 aéxperiment ofice they are
avaitable, However, for planning purposse, it is proposed that the
variables and levals itsted in Table 5.2 be +:0se to be investigated,
This experiment becomes one which essentially examines the question of
the interaction between the motion anu the visual dispiay in the
simulator,

Table 5,2

Experimentat Conditions for investiyating Operator
Parformance Measures in ASUPT

CONDITION VARIABLES

Turbufence Platform Motion Y¥isual Display G-Seat

1 Low On On Off
2 High On On (033 1
3 Low On Off Of#
4 High On Off Oft
5 Low Off On off
6 High 0ff On Of¢
7 Low of# Off Of¢
8 High Off Oft Off
9 iow On On On
i0 High On On or
§1 Low On off On
12 High on Oft Cn
J Low Nf§ On On
i4 High . Qff On On
1§4] Low Off Off On
i6 High 04 of¢ On

Tne general experimental paradigm 's the same as in T=40 experiment
in that axperianced pilots would praztice aach experimental condition to
3 specified level at which time contiol outputs would be recorded over
a two minute triai for analysis, Aithough *he conditions are the same
as those for the T~40 experiment {isted in Section 5.2,3, they are re-
peated here In the interest of complatenoss,

I+ 7Tviais are two minutes in length,
2. 3Subject pliots are 12 be experiencad instructor pifots,

3. Cond-tions ars to be carried ocut f2v both Straight and
leve! ond 30° Bank maneuvers.,
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" 4, Subject will practice the maneuver under each condition
until he reaches criterion performance on the system
speci fled output mézsuiss.

B 5. Syster output measures are heading, altitude, alrspeed,

. bank angle and plich angle,

f% 6. Operator output measures are the subject of the investigation
%‘ and analysis is performed on the recorded output of fore-

% and=aft and lateral stick and of throttle.

7. Conditions tabled above ars for a single subjec’. The
ordar of tiial conditions may he varied from subject to
subject to obtain an estimate of order effect, However,
the subject practices =ach condgltion to criterion level
so this effect should not be . ificant, It is desirable
to space trials aund conditions to avoid fatigue and boredom.

s

ot

8. Subjects repaat the conditions afte. one day and again
after one week,
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The contact visual display to be usea {s the full width of view
present in the ASUPT, The content of the display should consist of a
X { definitive horizon line with distinguishing features on the horizon as
3 external referents for a heading index, A ground plane selected from
those available in the visual display data bank judged by instructor
pilots to be representative of the local terrain will be used.

]3 5.2.5 Operator Performance Measures in the Instrumented Aircraft

= The need for operator performance data obtained in the aircraft was
indicated in the discussion of methodological considerations, Section

E 4,0, Operator performance output data in the aircreft being simulated

A is proposed 1~ be used to establish a data buse for comparing parformance
g in the ASUPT to that in the aircraft, Deta reflecting how the operator
k2 responds in controlling the alrcraft under representative maneuvers and
. conditions are fundamental to developing the performance eguivalence

g approach to determining the necessary and sufficlent simulator require~
2 ments, By way of review, the performance equivalence approach postulates
tha* two systems are equivalent with respect to performance if operator
output performance is the same for both systems when those systems are
being controlled to the same levels of system output.

Aty VT

The existence of the ASUPT and an instrumented T-37 aircraft
7 presents an unusual opportunity to develop and test more objective
p: methods for stating and evaluating training simuiator requirements. Tha
unique capability of the ASUPT of being varied in its characteristics,
coupled with the capability for obtaining reliable measures in the air-
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cratt being simulated, makes possible research into the perennial
problem of how phychologlical equivalence can be estabilshed between the
simulator and the vehicle being simulated in terms which are quanti-
tative and useful to the simulator design engineer,

As indicated In Section 4.0 it is proposed that pilot performance
be recorded in the instrumented T-37 alrcraft across a representative
set of maneuvers and conditions and a data base be established with re-
spect to this parformance, It is proposed that summary measures of the
time varying output to the control by the pllot be obtained and that
these measures be gathered using highly experlienced pilots flying each
maneuver to a specified criteria, Data will be collected such that the
population statistics of mean and varfance in performance may be
estimated. Thess statistical values will represent the popuiation
values for the parameters under investigation. The operator control
performances of Interest are proposed to be the inputs into the stick,
both fore~and-aftt and lateral, and into the throttie,

A further use of the data obtained in the instrumented T-37 air-
craft is its use in summarizing the kind of control input behavior
exercised by axperienced instructor pilots in the T-37, These data can
be considered to be the criterion performances toward which the student's
behavior Is to be shaped during the training process, Continuous
moniforing of the trainee's controtl inputs will provide diagrostic infor-
mation which may be fed back to the student to influence his rate of

Isarning.

in carrying out the instrumented aircraft flights experienced

instructor pilots will perform to specified system output criteria during
certain designaied maneuvers. System performance measures wiil be re-
corded along with the operator's control output performance., System per=
formance measures are to be ine same as those recorded in the T-40 and
ASUPT experiments and are neading, airspeed, altitude, pitch angle and
roll angle. The recoris of control movements during these performances
wiill be summarized in the same manner as that develcped from experimsn-
tation in the T-40 and ASUPT, The measurement paramaters to be recorded
in the aircratt with the ranges, accuracies and sample rates are given

in Table 5.3,

The |inear accelerometers |isted in Table 5,3 are proposed to be
mounted orthogonal to each other at a position on the pilot's seat as
close to the pilot's head as pos<'ble,

The conditions under which data are 1o be collected are given in
Table 5.4, This table must be interpreted in connection with the flight
pattern and sequence for recording t¢:!als depicted in Figures 5.2 and
5.3 respectively,
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Parameters Proposed to be Recorded In

Table 5,3

the Instrumented T«37 Alrcraft

Parametur

T ————

Elev Stick Force

Alleren Ltick Force

Rudder Force
Elevator Position

Al leron Position
Rudder Position
Throttie Position
Low Altitude
High Altitude
G's

Heading

Yaw Rate

Trim Tab Position
Pitch Rate
Alrspeed

Roll Rate
Roll Angle

Pitch Angie

Range

0-~30 Ib
0-20 b

0-30 ib

~[6° - +24°

$15°

$24°

Full
0=5m'
0-25m
=-1G -~ +5G
0-360°
$70°/Sec
On - Of¢
$90°/Sec
0-300K
+100°/Sec
0-260°

0-360°

24

Accuracy
':.I ib
.4 1D
t.0 3b
.5°
5°
o5°
.5°
$20!
$50!
t.16
&l°

+1°/Sec

1°/Sec
+IK
£1°/Sec
+°

+1°

Sample

Rate/Sec

100
100

100

100

. Iy
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e
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Parameter

Right Eng RPH4

Time
Event Marker

Linear
Accelerometers (3)

Anular

" Accelerometers (3)

Range

-

0-110%

- genben

Actuated by IP

043g.

+ 2 rad/sec

Table 5.3 (Continuad)

Accurary

+1%

DR e,

Ve et ol
-7 MRS Al Sl ) S

Sample

Rate/Sec

1o
10
10

100

100




Table 5.4

Condi'tions and Sequencing Data Collection Sorties
in Instrumented T=37 Alrcraft Per Pllot

Sortie Trial Order* 5_/_5_ inst/Contact
1 A 200 inst
2 B8 200 Inst
3 A 100 Inst
4 8 {00 inst
5 A 200 Contact
5 B 200 Contact
7 A 100 Contact
8 8 100 Contact

* For trial order see Flgure 5.3

in the instrumented aircraft it is proposed that data be collected on
the maneuvers cf climb, descent, strraight and level and 30 deg turns.
During these maneuvers tolerances will be heid as closely as possible to
the standard determined for that alrcraft, Data will be recorded during
the periods shown in Figure 5,2, This scenarlo assumes that flight
data will be collected with the aircraft being fiown from Wright-Patterson
AFB to a test flight area and that return from that area may be made at
fow altitude during which additiona! data on straight and level may be
collected, it is proposed that the maneuvers be carrlied out both on
instruments and contact with the contact maneuvers being flown following
initial analysis of the instrument data,

A detatled scenarlo of the Jate collectlion flights in the instru-
mented T-37 airccaft is given in Appendix E. The manner in which it is
possitble to obtain a sampla of sixteen two-minute trials for each of
the maneuvers of straight and level and 30 deg bank for two levels of
alrspeed in counter-balanced order is indicated in Figure 5.3, The
arrangement of data collection triails in Figure 5,3 iljustrates the
order in which the two minute trial segments may be recorded for both
straight and ievel and 30 deg banks during blocks of two sorties so
that the two-minute trials for each of the maneuvers may be collected,
For example, in sortie one data Is collected in order A, Return tc Base
from the test area may be flown at a 2,000 ft, altitude during which
three more two-minute straight and level triale may be iecorded, In
sortie 2, trials are flown in order B, again with optional data coltection,
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Trial
Sequence
A SaL , 30° , s&L , 30° . S&aL , 30° , S&L , 30° ,
s S&L = 3,2 min trials (optional)
Return 1o Base )
B 430° s SAL ¢ 30°, SaL, 30° , s&L, 30° , saL .

, S&L ~ 3, 2 min trials (optional)

Return to Base

Figure 5.3 Order ot trials for each block of 2 sorties for
the flight conditions given in Table 5.4,
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trials recorded during return to base., Each pilot performs eight
sorties in obtalning data on these maneuvers, both on Instruments and
contact, i.e., those shown in Table 5.4, It Is proposed that a
mirimum of flve pilots fly the aircraft data collection sorties and
repeat them in the ASUPT simuiator, As indicated earlier comparison
of the perc ormances in the simuiator and the aircraft will allow for
adjusting the simulator to be equivalent in terws of pilot performancs
to the T=37 aircraft,

After completion of data collection under the conditions listed
in Table 5.4 data will be coilected on maneuvers during which the air-
craft Is fiown closer to the iimits of Its performance envelope,
These maneuvers are stalls and loops. It Is proposed that each of the
5 subject pilots fly 8 stalls and 8 loops maintaining as close tolerance
to prescribed |imits as possibia while the parameters listed in Table
5.3 are reco>ried., it is estimated that this wiil require tvo additional
sorties,

_ In summary a total of 8 sorties per pilot will be nscessary for
complete data collection on climbs, descents, straight and level and
30° bank turns, An additional estimated 2 sorties wii! be necessary
to obtain data on stails and loops.

The data shouid be formatted for analysis as follows:

I, Nine track tape.

2. Lless than i36 characters per physica! racord
3. 1600 or 800 bits/inch

4, EBCDIC (Extended Binary Coded Dacimal)

5. Even parity

5.2.6 ASUPT as a Cr’terion Device

The development of system and operator performance measures, both

" in the ASUPT and in the instrumented T-37 aircraft are dasigned to

provide objective data for establishing the ASUPT as a criterion device
for ressarch, Establishing ASUPT as a criterion device mokas possibie
its use in Investigations of efficient training methods and the minimum
essentlial training simulator requirements. The manner in which It is
proposed that this be done is through the performance eguivalence
approach discussed in Section 4.0,

Performance data collected in the Instrumented aircraft provide
the data base against Jhich the performance in ASUPT may be compare-,
it Is to te emphasized that the comparability of tha two duvices is
being established with respact to the closad=-ioop dynamic tracking
beh:vlor required of the plioct in controliing the systems, The
comparability of the two devices with respact to the procedures
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whereby other plloting activities are carried out are estabiisned on
the basis of task analyses and other direct comparison methods,

The performance equivalence approach is used to establish the
equlvalence of the simulator to the aircraft on the basis of its closed-
locp control characteristics sometimes called handling qualities. As
indicated in Figure | “he present method for establishing the simulator
as being equivalent to the vehicle being simulated is the use of expert
opinion, These opinions are those of the design engineer and the
experic--ed pilot, The aim of the performance equivalence approach is
to provide, more objective data through direct comparison of perform-
ance both in the aircraft and in the simulator,

6.0 RESEARCH OUTLINES

The discussion of suggested research is divided into that concerned
with {training methodology and that concerned with simulator requirements,
Both of these areas are important to improving the effectiveness or the
training program, It is postulated, hoviever, that the area of traixing
methodology can have the most immediate and signiticant effect upon ire
improvement of flying tiraining programs, The areas of investigation iisted
in Table 5.1 are discussed in this section with details of the expariments
recommended to be conducted,

6.1 Tralninngimulafor Requirements Research

The major areas of simulator requirements research judged by the
panel to be high priority items were those of (1) tte visual display to
be used in the simulator, (2) the characteristics cf the motion system
of the simulator and (3) the interaction of the two, Any research pur-
porting to deal solely with the visual or motion cueing problem must,
due to the nature of the process, be considered as a study of the inter-
action between the motion and the visual areas, Motion-vision interaction
studies a-e discussed in detai! In paragraph 6,1.3. The two areas-cf
motion and vision research are taken up separately here soiely on the
basis of the emphasis placed upon one area or the other in a given re-
search study and does not imply a neglect of importance of the interaction
eftect, Thus, in the research dealing with motion, emphasis is on the
investigation of # wide spectrum of motion variables under certain
selactive conditions of visual display, In the visual display research
area, primary emphasis has been placed upon +he content of the visual
display and its effect in various training tasks and maneuvers under given
conditions of simulator motion, Therefore, in reality all experiments
proposed to be undertaken in each of the areas provide information as to
the interactive effect of various motion and visual display conditions,
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6.1.1

Investigation of the Content of the Visual Display
6.1.1,1 Background

The problem of the content of the contact visual display in the
simuiator received the highest madian rating by the Training Probliem
panel. The Importance o. the cutside world scene in the simulator is
underscored by the data coilected by J. Brown (1973) fro. Alr Force UPT
students and iistructors, 7These data show the traffic pattern to be
Judged the most critical element of flight Instruction, and the most
difficult to toach and to learn. A contact visual scene Is necessary,
of course, for teaching this maneuver in the simuiator,

The question as to the appropriate features of the contact world
vhich should be dispiaved in the simulator has not been adequately .
answered since the beginning of the use of simulators, Advances in the
state-of-the~art have producad several types of complex visual display
gereration and presentation devices, It is now possible to investigate
a broad range of variables and to gain definitive informatior as to the
most effective display content for the training conditions of interest,

Attempts at identifying and describing the visual elements of a
display used by a pilot as cues to control of his alrcraft have produced
both highly complex, and very simple displays, On the one hand very
detailed displays have been produced in order to insura that all critical
elements are incliuded. On the other hand, some very elemental displays
have been used or investigated. Both types are considered by their
users to be useful for the purposes intended.

Prior to the completion of the present study, agreement had been
-reached with HRL/FT that the content of the visual display w2s an ime
portant area of investigation, It was also agreed that during the period
of delivery, installation, and calibration of certain research equipment
investigations would be undertaken in this area, It is naecessary to
narrow down the number aad levels of the variables through as systomatic
and valid a procedure as possible before undertaking ASUPT experimentation,
This is necessary since the number and combins tions of variables possible
of being investigated become astronomical witnout such a screening process,
The use of eye movement recordings of experienced pilots flying the under-
graduate pilot training maneuvers was proposed as a mesans of obtaining
useful information about the cbjects and features of the real world
scene used by the pilot, (see Figure 5,1) At the sume time, data on
the dimensions of the field of view being used by the piiot may also be
obtained.

Based upon (Bynum et ail,, 1973) experisnce with eye-movement record=-

ings and using the visual modeil for closed=~lioop costrol developad by Life
Sciences, a program was outlined for obtaining information relevant to
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the problem of the content of the display., This program was intended
as one which would provide useful information upon which to base ASUPT
experiments relevant ‘to visual display content, and which could be
carried out prior to the installation of the ASUPT equipment, To
appreciate how these preliminary investigations support ASUPT experi-
mentation and to reiate the eye moversnt recordings to the visual model,
a brief description of the model and the part played by eyo movement
recordings ls In order,

6.1.1.2 A Visual Model as a Basis for Hypotheses

. 7he model referred to has been described elsewhere in Thielges and
Matheny, (1971), In brief, the mode! assumes that external referents

in the reai worid and internal referents fixed to the vehicie being
controfied may be projected through perspective geometry upon a picture
plane perpendicular to the pilot's line-of-regard., The relationshp .
tetween the internai referents and ‘he external referents provides infor-
rmation with respect tc departures from desired jositions of the aircratt
in its six legrses of freedom of motion, Uifferent positions of these
referents on the picture plane wili affect differentially the pilot's
ability to discriminate changes in position of the various dimensions of
movement of the aircraft, For example, an external and internal referent
picked near the vertical mid=-iine and on +ke horizon on the picture
plane-witl not altow the pilot to discriminate as fine a change In bank
position as if those referents were picked further out on the horizon
trom the mid-line., Also, refereris picked near the horizon do not allow
for as fine a discrimination of forward translation as do referents
picked closer to tne aircraft on the earth's surface, i.e,, downward
from the horizon line on the picture plane.

It is a tenet of the mode! that it is necessary for the pllot to
select interna! and external referents which allow him to make dis=-
criminations as to the changes in the attitude and position in space of
his aircraft, It is assumed also that a part of the pilot's learning
process is the identification of the most appropriate external and in-
ternal referents for use in exercising closed-loop control, It is,
therefore, necessary not only to identify the appropriate referents in
the real-worid scane but to describe the "noise" from which these referents
must be extracted by the pilot,

o,1.1.3 Eye-Movement Racordings

As mentioned, axperience in eye-movement recordi..g (Bynum et al.,
1973) ted to the bellef that such recordings could be used to identify
external and internal referents belng usec by the pilot in the
performance of the Undergraduate Pilot Training Maneuvers, Their
tdentification could ther lead to recommendations as the variables to
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be investigateo more systematically in the ASUPT comp.ex. Therefore, a
program for gathering and analyzing such data was outlincd and re-
commended., The plan for collection and analysis of eye-movement data is
given in Appendix F, {(n that Appendix both content and field of view
investigations are discussed since obtaining information in the extent
of visual tield used by the piliot may be obtained from thess recordings.
The tiald of view to be displayed in the simulator is & practical
nrobiem about which direct information may be obtained without added
cost even though the panel of judges did not rate it particulariy high
as a research problem,

6.1.i.4 Experimental Approach R

It is appropriate at this point to discuss the distinction between:
the role played by tlie performance cquivalence approach tou experimentation
and the investigation of the configuration of the visuai display for
training purposes. As is pointed out in Section 4.0, the performance
equivalence approach suggests that by using an highly experiencad pilot
as a standard controlier, that configuration of the visual display which
Is equivalent to the rezl worid scere in terms of performance can be
arrived at through systematically changing physical variables in the
ASUPT visual display and observing performance. So long as both system
and operator performance are the same as in the alrcraft the systems are
Judged to be equivalent,

As indicated in the discussion of establishing a technological base,
the first interest Is in the minimally essential set of visual content
conditions which are equivalent to performance (system and operator) in
the aircraft, Of equal importance is the determination of that visual
display which is judged by the performing p!lots to be acceptable as
representative of the rea! world scene., The visual display configuration
will then be taken as the criterion visuci system which may be used in
both performance equivalence and transfer experiments, The criterion
visual system must be distinguished from those configurations which might
be best as aids to training and from that configuration which represents
the absolute minimum sat of elements for nroviding the information to
the pllot and makes it possible for him to perform as he does in the
aircraft,

With respect to training, different hypothesis as to how changes in
display content should be Introduced to produce the most effective
trainee progress may be tested systematically using the performance
equivalent system as the criterion system, For example, in training the
student to discriminate the visual cues for level off and touch down in
landing, hypotheses regarding the optimum number and pattorn of lines
for training in these cues may be *o=ted, instructional assists
entirely foreign to the real world scene may be tested also to point
out to the student the mosr relevant cues to his task of the moment,
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it will be recalled that in the study by Payne et al, (1954) it was
found that the tntroduction of an instructional ald in the form of a
reference guage on the visual display enabled the student to learn the
proper relationships between the appraach impact point and horizon line
when they were unable to do so without the ald. Such training aids or
displays may bring the student more quickly to the point at which he
can ‘ontrol the system, (both with respect to systém and operator out~
put) as well as the experienced pilot when he (the student) uses the
training oriented display, Thus, the training system is made more
efficient, However, the final level of skii{l to be attained is centrol
of the system, with respect to both system and operator output, using
the display configuration which was tound with experienced pilots to be
equivalent to the real world scene If the training system is to be
effective,

I+ may be noted that at this point the assumption may be made that
transfer will be positive and high from the equivaient simulator system
sinca performance of like tasks requires |lke operator performance.
However, in Section 6.1.i.5 tests of the relationship ot performance
equivalence methodology to classical transfer experiment are proposed
to be conducted.

6.1.1.,5 Experimental Investigations

The first four proposed studies of the content of the visual display
are shown in Figure 6,1, In brief, they comprise (a) the establishmsnt
of the ASUPT as a criterion system, (b) the determination of the transfer
from that system to the aircraft, and (c) two studies which are designed
to test the performance equivatence appimach while optaining information
relevant to two different configurations of the visual dispiay,

In determining the ASUPT criterion system two criteria will be used.
These are (1) equivalent performance by experienced pilots both in terms
of system and operator output, and (2) consensus of opinicn among these
experienced pilots that the visual scene in ASUPT is subjectively
acceptabie as ar adequate represantation of the real world scene. The
methods and measures for determining performance equivalence were dis-
cussed in Section 4,0,

Three major veriables are proposed to be important in the ASUPT
investigation of the visual display. These are (a) the number of objects
in the display; (b) the placement or position of the objects in the dis-
play; and (c) the "stylization" or amount of detail in each object,

The number and placement of objects to be tested can be more compietely
defined aftsr analysis of the eys-movement data. However, certain
guidance for hypothesis formulation can come from the visual model
referenced earlier, This mode! would suggest that we!l defined ex-
terna!l reference points appropriately placed will provide information
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to the pilot for control of the six dimeasions of movement of his air-
craft. Certaln positions of the referents are more appropriate to
given dimensions of movement than are others.

For control of the three attitude dimensions, pitch control re-
quires a refarence object directly ahead of the alrcratt on the vertical
mid-line and as near to the horizon as possible., Ffor control of this
dimension alone, only an idontifiable point or object is required., This
obtains as a general rule for the control of pitch across all of the
maneuvers to be flown. However, for each particular maneuver the place-
ment of the reference object with respect to the ground or sky plane is
spacific to that maneuver in order for it fo be accomplished best. For
straight and level flight a pitch reference point ahead of the aircraft
at the level of the horizon ‘iine, or the horizon Iins aione, will provide
a reference agalnst which tiis pilot can judge soms interial referent on
his aircraft in order to hold his pitch attitude. For a nose down
attitude during approach to !anding a reference object lower on the
ground piane would be hypothesized ‘o be preferable.

For bank control, objects displaced iateraliy from the longitudinal
center line of the alircra‘t provide greater anounts of positional dis-
placemont per unlt of bank as they move further out from the center |ine,
Thus, an odject placed on the horizon at the vertical mid-line wovld
oxhibit littis percepiible movement to the pilot por unit of bank, That
same object glaced 30 deg in azimuth from the vertical mid=-line would
provide a greater amount of displacemant for the same amount of aircraft
bznk ard thus enzble greater precision of control,

With respect to hsading control, objects on the horizon in the
forwary viewing area to which the pilot can relate an internal referent
witl pgrovide tho same amount of dlsplacement on the display per unit of
neoding change, Howaver, for ease of scan for the pilot the object should
be directiy forward on the vertical mid~line and on the horizon,

Tor the detaction of lcngitudinal motion of the aircraft objects
directly in fiont of the aircraft which appaar to move toward it are
necessary fcr the best detection of vhis movement, Objects directiy
betow the zircraft have a greaier parceived displacement while those
directly fcrward and on the horizon have the least per unit of longitu~
dinal movement, Therofore, to maximize the pilot's detection of forward
motion or changs in that movicn objects as nearly beneath the sircraft
as possible provide the grestest information for control of this
dimension,

The contrcl of lateral displucement paraliels that of longitudinatl,
For discrimination of displacemant along the vertical axis the pilot
must discriminate changss in tha sizo of oojects in that he must dis~
criminate changes in the relative Jistance between one sdge of an object
and another or the change in distance heiveen objects,
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The cues just discussed are those which allow the pilot to control
the attitude of his alrcratt about its.three axes and to discriminate
whether {t has changed its position in three dimensional space, In
order to successfully fly his alrcraft, however, he must discriminate
and identify objects in the real worid which allow him to direct his
alrcraft purposafully from point to point or In the fulfiliment of
some objective or mission, Those ohjects which he must identify and
use for direction of his vehicle are unique to his purposes and objective
cf the moment, Thus, when the objective of the pilot Is to land the
alrcraft on a particular spot the chiaracteristics of that spot necessary
for him to identify it must be present in the display. Similarly, he
may be controliing his aircraft in three dimensional space to keep it
pos!tioned upon another aircratt during formation flight, The relevant
cuss peculliar to the other alrcraft which allow him to maintain his
position must be presented in the visual display in order for the
trainse to practice in their use and become proficient in formation
f‘y‘ﬂgo

It is the overall goal of research in simulator visua! displays to
identify those essential cues which allow the pilot to controi the
attitude of this aircraftt and to position it in three dimensional space

t In accordance with the objectives and goals ot the moment, Further, it

is the objective of that research to determine what assists or instruce
tional alds may be added to the visual display to enhance the student's
attainment of proficlency in the use of these cues. It is the function
of maneuvers in the pilot training syllabus To practice the student in
the accurate attitude and positioning control of his alrcraft, Certain
maneuvers have specific and universal objectives such as landing the
aircraft, However, In the main, maneuvers are not practiced for
maneuvers' sake but rather to practice the student in control of the
various dimensions of movement of the aircraft over which the student
must have control. in order to accomplish specific objectives and pur-
poses. Therefore, it Is suggested that the visual display for the
beginning student must he composed of that essential set of features
which allows him to exercise control about the aircraft axes and along
three dimensional space axes as a general set of skilis, He must then
learn to extract from the real worid scene objects which serve him in
carrying out his control and navigational functions., He must learn
also to discriminvate these referents when they are buried In visual
"noise". The term visual noise is used here to mean conditions in the
real worid environment which tend to obscure or make difficult to dis-
criminate the referents which the piiot wishes to use, Atmospheric
attenuation, smoke, haze or any condition which causes an object to have
low definition constitutes such noise. To the extent that this noise
dagrades the pliot's discrimination of changes between the referents
which he is using to control his alrcraft hls precision of control must
be degraded.
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The analysis of the eye-movement records will provide relevant data
: for identifying the characteristics of those objects which must be
x Identified to attain the goals of the pllot and to Identify those
factors in the environment which tend to inject nolse into the visual
scene. The objects which must appear in the visual dispiay to aliow him
to exercise attitude and position contro! are rot of racessity locai
E terrain features and could be quite abstract. However, it wil! add
s appreciably to the realism and, therefore, the acceptance of the display
if they are recognizable as local featurses,

E: The identification and discrimination of changes among objects may
be hypothesized to bs a function of the level of detai! of the object
and [ts contrast with the background., These factors are controliabie
as experimental variabies in ASUPT and may be varied systematically
through the use of the number of iines used to define an object and the
shades of gray used to provide contrast between objects or between ob-
Jects and backgroun- (figure-ground contrast),

G e P s
PATENSE G

In the light of the above discussion the first experiments dealing
with the content of the visual display are divided into the two cat-
egories of (1) that content necessary for control of the attitude and
position ot the alircraft in three dimensional space, and (2) those
relevant to the identification and uss of features ot the environment
which alios the pilot to control his vehicie iIn attainment of some
E, specifiable goal or purpose. Results from the first of these wil}i be
appropriate to tho speclfication of displays for simple basic aircraft
contro' trainers. The results from both provide information for specifi-
cation of more complex mission orlented trainers, The variabies and
their levels for studying attitude and position control are given in

. ; Table 6.1,

B .o'.v o . c, v‘. el o
e AL G A s AR

A : This expariment illustrates the necessity for establishing the

3 discriminable intervals of a variable before going Intfo the experiment
proper. in the choice of the shades of gray for any object it Is
evident that if shade of gray is to be varied over several levels those

13 levels must be chosen which are discriminably different by the subject.
. Should any two leveis chosen not be discriminable it follows that they
. actually represent one level of the variabie to him,

The discriminable levals of gray may be established quickly simply
by asking the subject 7o fly the display while observing the shades

% of gray In specified objects, The shades of gray in these objects are

7 then varied up and down the scale with the subject reporting each time

3 he discriminates a change in shade. This simple psychophysical procedure
j will serve to establish those Intervals minimally perceptibie by the

subject while he Is engaged in his flying task, Establishing thess
intervals allows the selection of lavels of the variable demonstrably
different to the subject for use in transfer of training studies.
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The second major category of study is5 the determinztion of those
features of the environment which allow the pilot to change his position
or behave relative to those featurss in some purposeful way, The two
mejor tasks in UPT in this category are (1)} traffic pattern, approach
and landing, and (2) formation fiylng, 0Of these two training probiems
that of traffic pattern and approach to landing has been researched
to a greater extent than that of formation flying, However, recent
experiments at HRL/F: using the Formation Fiight Trainer (FFT) has
provided directly applicable data to thn specification of trainers for
training In this maneuver,

The ASUPT visual display capabiil+ty allows the study of the re-
levant referents to be presented for the touchdown phase of the landing
and how they may be encoded in the display, Satisfactory study of this

.ares has not been possible up to this time, The ASUPT capability makes

it possible,

~ The variablies and suggestions for their encoding for the approach
and landing study are given in Table 6.2, It is proposed that the
essontial teatures listed under Conditions | and 2 In both Tables 2 and
3 may ba better defined after analysis of the eye-movement records and
the full capabilitv of the ASUPT for providing displiay features has

been completely checked out.

The procedure for establishing the ASUPT criterion system in
Study | has been discussed In Section 4.0,Methodological Considerations,
Study 2 will employ the classical transter of training paradigm dis-
cussed by Gagne, Foster and Crowlay (1948),

Studies 3 and 4 are proposed as tests of the perfcrmance equiva~
lence approach as well as tTo 2ssess the transfer tc the aircraff of
less comp;lete visual systems, Vhe parameters of number, position and
stylization of objects will be varied so that (1) a condition not equi~-
valent to the criterion ASUPT is obtained and (2} a condition equivatent
to the criterion ASUPT systom !s obtained. This is to be done In the
manner described in Section 4.0 using the performance of experienced
pilots, Classical transfer of training experimants are then proposed
to be conducted using Conditions | and 2 of these studies {o determine
wvhether the hypothesis that ejuivalent systems bring about the same
amount of transfer while non-equivaient systems do not, The amount of
transfer obtained earlier in Study 2.

The general design format for Studies 3 and 4 is shown in Figure
6.2.
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6.1.2 lnvestigations of Motion in the Simulator
6.1.2.1 General

The problem of determining the necessary degrees of freedom of
cockpit motion in training simulators was sixth on the priority list
of training problems, (See Appendix D) Manipulation of this variable
in experimental Investigations is particuiarly easy using the ASUPT,
This device also has additional areas of interest to {rainer motion
dosign - that of gravity alignment and the G-seat., Gravity alignment
cusing is designed to come from tilting the platform such that normal
gravity is used to substitute for the acceleration or decleration of
the aircraft particularly during take-off or landing G-seat cueing is
of two forms - those which com> from movement of the elements of the
seat to provide movement cues and those which provide sustained
pressures to the student’s body. See Appendix B for more compiete
definitions,

As pointed out by Smith {1272) it Is marifestly not possible or
sensible to attampt to investigate all of the possible combinations and
permutations of the six degrees of freedom of motion, gravity alignment
and the ways in which the G-seat may be used. A sorting out on the
bas!s ot the charactaristics and dynamics of the physical system being
simulated and of the human sensory system was felt necessary and has been
done, Further screening of these variables is proposed to te carried
out in pretest investigations as indicated in Figure 5,1,

The combinations of conditions selected for recommended study and
listed in Table 6.3 may be used either in classical transfer experimsnis
or they may be approached through the performance equivaience method,
in the discussion to follow the performance equivalence method is used
although the fact of the previous statement must be kept in mind,

6.1.2,2 Experimental Studies

The specific experimental question to be addressed by these investi-
gations is "under what method of Introducing motion cues and across what
conditions of tlight are the control performances of experiencad pliots
equivalent?" The approach taken supposes that If twc systems are
measurably different bv some quantitative metric but thelr operation
rasults In no measurable difference in the performance of experienced
pilots thon the physical differences are behaviorally equivalent a.d are
not different for purposes of a training simulator. This is the method~
ology discussed in Section 4,0,

The independent variable of prime Interest is that of the motion cue

condition, What is sought is a determination of whether pilot periorm-
ance varies as a function of motion cue conditions across different
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maneuvers and for different leveis of external disturbances. The

Just discussed:(a) platform motion, (b) gravity alignment and (c)
G-seat, Particuiar combinations of sub-categories of these major areas
have been selected to obtain data about ten specitic questions, These
conditions are fisted in Table 6.3. The specific sxperimental questions
are given in Table 6.4, '

~Table 6.4 shows the experimental conditions relevant to providing
information about particular experimentai questions. The experimental
procedure is one in which the twenty-two conditions msy be run in three
experimental sessions and provide information relevant to the ten
experimental questions posed. The experimental questions have been
selected such that successive data runs can be made with experimental
conditions on subsequent runs being dependent upon the findings of earlier
runs., A "sorting out" procedure is used in which the various combin-
ations ~f conditions are examined to determine whether thay effect any
differences in pllot performance and what the relative contribution of
the conditions are to performance variabiliity. The effects found under
one set of conditions are used to guide the selection of the experimental
conditions to be ‘used in the next run, In order to accomplish this it ;
Is proposed that the incremental design oulined by Demaree in "A !
Recommended Design for Experimental Studies Using ASUPT" be used. This
paper is given in Appendix H.

Under the proposed experimental procedure as outlined in Table 6.4,
the ¢irst experimental question would incorporate experimenta! Conditions
t, 10, 11, 15, 16, and 17, Results from performance under these conditions
are intended to show whether or not the major conditions of simulation
of (2) no motion, (b) six degree of freedom piatform. {¢) six degree
of freedom platform with gravity alignment, (d) six deyree of freedom
platform with full G-seat, () six degree of freedom platform with fuil
G-seat and gravity alignment,6 and (f) full G-seat only, Clifferentiaily
aftect performance and, 1f so, what the relative effects are.

However, as a test of the performance equivalence approach it is ‘
proposed that Conditions | (no=-motion), 9 (fuii motion), and that
condition found to be equivalent to full motion be used in the paradigm
shown In Figure 6.3,

in this paradigm equivalence and non-equivalence is estabiished by
the mathods outlined in Sectior 4.0, In Figure 6.3 the condition of
no-motion is assumed to he non-equivalent to the ASUPT criterion system
in terms of performance. It is also assumed that a condition of lass
than the full criterion ASUPT system may ve nstablished,

If Experim ntal Conditicns i and 0 di‘ferentialiy affect performance
Session Two will be concerned with obtaining data on Experimental
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‘ Table 6,3

Pl

Experimental Conditions Selected for Test in Determining
E Ptatform Moiion and G-Seat Operation

4 Experimental Condition

4 Condition Description*

= 2. P,R (Piatform)

d - 3, P, R, Y (Piatform)

33 4, P, R, Y, H (Platform)

5. P, R. H (Flatform)

3 6. P, R, H, L (Platform)

k. 7, P, R, H, F & A (Platform)

k- 8. P, R, H, L, F & A (Platform)

L 9, P, R, Y, H, L (Platform)

10, 6 Degree of Freedom Piatform

5 it 6 Degree of Freedom Platform with Gravity
S Alignment

g 12, P, R (Platform) with Gravity Alignment
i 13, P, R, H (Platform) with Gravity Alignment
: 14, P, R, Y, H, L (Platform} with Gravity
: Alignment

. 15, 6 Degree of Freedom Platform with Full
- G-seat

16, 6 Degree of Freedom Platform with Full
G-seat and Gravity Alignment

5 17, Full G-seat only

18. P, R (G-seat), H (Piatform)

3 19, P, R (Piatform(, H (C~seat)

2 20, P, R (G-seat)

3 21, P, R, F & A (Platform)

22, H only

3 *Legend:

b P - Pitch

b R = Rol|

A Y - Yaw

> H - Heave

4 4 L - Lateral

: , F8A - Fore-and-aft
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Conditions 2, 3, 4, 5, 6, 7, 8, 9, and 2I, The results from these
conditions are intended to determine what combination of degrees of
freedom of motion of the platform are equivalent,

Experimental question No. 3 is answered by comparison of Conditions
10 and |1 with expsrinental run |, This question ccicerns the confri-
bution that the gravity alignment cue mskes to the maximun degree of
freedom platform,

in Experimental Session 3 the six remaining experimental conditions
of 12, 13, 14, 18, 19, and 20 are addad., Comparison of Experimental
Condition 13 with Condition 5 Is Intended to answer the question with
respect to a contribution of gravity alignment given a nominal platform,
What constitutes a nominal platform has been assumed to be that re-
presented by Condition 5, i{.e., one with pitch, roll and heave., How~
ever, the results of the analysis of Experimental question 2 may change
what Is considered to be a nominal platform and, therefore, change these
conditions somewhat,

Comparison of Conditlons 15 and 16 is designed to giva information
about the contribution of gravity alignment when the maximum platform
is used with rhe G-seat.

Addition of Condition 12 allows the comparison between Condition 2
and 12 and gives information about the countribution of gravity alignment

with the minimum platform, i.e., one which provides only pitch and roll
stimul i,

The addition of Condition 14 allows for a comparison of that
condition with Conditions 9 and 10 and glves information about the
longitudinal acceteration cue contribution when a maximum platform is
used, i.,e., whether the aravity alignment or fore-and-aft fransiation
is the better clue or whether It has any effect at all upon performance,

In carrying out the experimental runs it is proposed that the ex-
perimental conditions be carried out under instrument flight conditions
using the maneuvers of straight and levai fiight, 30° bank turns and
unusua! attitudes. |t i also proposed that the fundamental nature of
the control task required of the pilot -in performing these tasks Is a
function of the external forcing function or turbulence acting upon
the system. His control behavior will be affected by the nature of
this disturbing function and it is, therafore, proposed that three
levads of disturbance be imposed upcn each of the basic flight tasks in
order to determine the equivalence of various physical systems across
representative tasks and disturbances., The level of disturbance for
each condition is to be determined through pre~testing of the
turbulence generation system of the ASU°T,
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b 6.1.3 Motlon=Vision Interaction Studies

6.1,3,1 General

" The results of certaln expariments conducted In the visual and
mction areas are proposed to be used in experiments designed to provids

ﬁ; information about the Interactive effects of these two major variabies,

K These experiments are proposed to be conducted using the two major

9 areas of visual cueing discussed in Section 6,,.i, These are aircraft

K’ attitude control and alrcraft position control, Within these two areas

oy experiments are designed to determine whether dlfferential Interactive i
& effects occur, - !
. !
= 6.1.3.2 Experimental Studies §
213 {
< As mentioned, the Interactive effects of motion and vision are

b proposed to be investigated In two rather different areas cf plic+ tasks,

5 First, are those conditions In which the nilot's task Is contro! of the §
¥ attitude of his alrcraft, This control is primary and antscedent to i
g control of the position of the aircraft in three dimensional space,

S
RN

I+ 1s hypothesized that the Interactive effect is influenced by

4 g numerous variables in the total task situation. Primary among these
3 8 variabies are level of precision and control required and the nature of
o the extarnal forcing functions (ordinariiy termed turbulence) imposed
e\ upon the system, :
. . {
P The model of control behavior adopted in considering alrcraft !

attitude control is that of the Effective Time Constant (t_) of the ‘
system, (Matheny & Norman, 1968) This model is used as a basis for under«
standing the inferactive effec’s as well as to form predictive hypotheses

to be tested, In briet, the mode! assumes that the precision of closed=ioop
error=nulling behavior is a function of the Immediacy of fesdback to the
controlling operator, e.g., the pilot, The time taken for feedback to occur
.tas besn termad the Effective Time Constant of the man/machine system. The )
value of T depends upon the values of given properties of the machine dyna.ics
and of the human controller, The properties of the human controller of
importance are tho modalities through which the information Is recelved

and the threshold level of those mndalitles,

The relevance of this model to the motion/vision interaction problem
Is that certain Information aboul the status of the afrcraft, particu-
larly changes in attitude of the aircraft, are transmitted more immedi~-
ately as feedback to the operator through the motion senses than the
1 visual, it is a tenet of the model that the motlon senses are cued by
rates of onset of acceleration which allow for the Initiation of re=-
sponse much in advance of that which would be triggered by the resulting
positional change of the stimulus detected by the visual sense, It

PR
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folious from the modei that Increasing the gain on a given display to

a particuiar sense will Increase the Immedlacy of the feedback to the

i operator. Thus, increasing the gain of the visual display will result
in an Increase in the precision of control, Likewiss, visual displays
which provide the operator with rate, acceleration or onset of accel=

# sration information allow him to recelve wore immadiete Information as
k- to the status of the system relztive to the desired state and to control
% it more precisely,

From ti.e Effective Time Constant mode! the prediction cen be made

& that In systems such as the T=37 aircraft, performance of the precise
3 attitude control task will be enhanced by addition of the proper mot!or
3 cues while other tasks such av positiona! controc! In which the visual

s feedback is timely and adequate will not benefit greatly from the

addition of motion cues, 1t can be further predicted that the visual
display which incc-_orates the higher gain (e.g., large contect dispiay)

) will result in a higher precision of control, It can also be hypothesized
i that training a student to a given level of proficiency without those motion
& cues which will be present in the transfer tasks constltutes over training
him'and he will do very well, f,e,, transfer will be high, when he is

‘ iransferred into the task In which the total set of stimulus cues are avalle-
ab'e'

i As mentioned earlier the first interaction experiments are designed
“ to examine the situation In which interaction effect is likely to be
greatest as predicted by the effective time constant mods!, This area
3 is in that of close precision atiitude control., The experimental conditions
! suggested for this experiment are glven in Table 6.5,

It is proposed that’ the performance equivalence paradigm be used
for this experiment, Experienced pllots wili fly each of the conditions
and tasks to determine whether or not their output control behavior is
different under the various conditions given standard system outpuf
performance requirements, For those conditions #ound to be equivalent
and those found not to be, it is proposed that groups of the siudents
be trained under each condition and subsequently trznsferied to ihe alfr-
craft as a further test of the performance equivalsnce zpproach,
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3 Table 6.5

. Experimental Conditions for Inttial Motion=Vision
Interaction Experiments

Tasks: Approach to landing,
Stralght and level,

¥

Variables: Motion = no mmotion and full 6 degree.
Turbulence ~ high and fow,
Precision of control - high and low,

ausisa

3 E‘
RCAES

Subjects: Experienced :ilots for establishing
performance equivalence, Trainees for
training on selsacted conditions ana
transfer to T=37 alrcraft,
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6.2 Training Methodology Research

As indicated in the introductory section, this area of research is
proposed to have high potential for producing results which will greatly
Increase training effectiveness and has immediate application, The
adoption of ASUPT as a criterion system for investigating efficient
training methods is the basis for this proposal, This Is particularly
true of research in two areas judged to be important by the training
problems panel; namely, cognitive pre-training and feedback, These two
areas will be discussed first followed by recommendations regarding the
areas of sequerncing of training tasks, contextual trzining and individual-

fzed instruction,

6.2.1 Cognitive pre-training

Cognitive pre~trairing refeis t= the complete understanding of the
cognitive and action aspects required for completion of a task before that
task is attempted in the simulator or aircraft, In practice it may be
achieved in several different ways,

For the perceptual and cognitive aspects of tasks, such as learning
to scan, read and interpret the instruments fo: instrument flight or
learning procedural sequences, a numbe: of Instructional alds such as
photos, work books, or audio-visual devices may be hypothesized to provide
eftective training in these task aspects, Cognitive understanding or
mental pre-practicc may be highly effective pre~-training for continuous

" control tasks through use of simple or even no equipment at all,

It Is proposed that the evidence Is sufficient to support Institution
o7 certain forms of pre-cognitive training directiy into the training
program, These involve those techniques demonstrated to be efficient by
Flexman, et al, (1950) and Flexman, et al, (1954), In general thase
techniques require the student to become proficlent in his ability to
verbalize the pertinent cues and responses nacessary to meet the require-
ments of the task, In this verbalization it is important that the
instructor determine whether the student is merely "parroting" the words
of the instructor or whether he complotely and thoroughly understands the
perceptions and responses that are required for successfully accomplishing
the maneuver, With the advent of increasing initlial and maintenance
costs of simulators, the investigation of the amount of time which might
be saved in reaching criteria in the ASUPT simulator for certain maneuvers
through the use of other pre-cognitive training methods is highly

recommended,

The Human Resources Laboratory/Flying Training Division has as a
part of its research capability an audio-visual instrument tralning
device (AVIT) with a program suitable for pre-cognitive training in
scanning, reeding and interpreting the basic instruments for basic
instrument flight, The contribution of this device to reduction of
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. simulator training time for learning the basic flight maneuvers capabie of

;3 being taught by the dovice should be investigated. The device Is con=-

: figured to teach a student to scan, read and Interpret his instruments for

£ straight and level flight, 30° bank turns and unusual attitudes, A

% . functional description of the device is given in Appendix G,

% It is proposed that an experimental group be taught to critericn

level in the AVIT device and compared to a contro! group taught only in

b the simulator In terms of time to reach proficiency in the simulator, It

3 is proposed that both the experimental and the control groups then be

¥ taught all other maneuvers in the basic Instrument flight curriculum *o

e determine the degree of generalization from the three maneuvers taught in

3 the AVIT to other maneuvers performed in the simulator,

9 It is proposed also that the capab'lity for a device such as the

e AVIT be investigated for its use in teacting the perceptions required in :

ﬁ contact maneuvers such as the approach to landing. This hypothesizes i

3 that the major portion of the learning task ot the pilot trainee is the ;

s laarning of the perceptual and cognitive aspects of the task as opposed to :

ﬁt the motor responses he is required to make, |t is hypothesized that once

K the pilot has learned to percelve the desired stimulus relationships, to

b recognize departures from these desired relationships and to know In which i

L direction he should initiate control movements in order to correct them g
1

his training time in the actual performance of the continuous time varying
task will be greatly reduced,

In brief, it is recommended that the use of a programmed branching
audio-visual instrument trainer be investigated for teaching the perceptual
and cognitive stde of contact tasks since these tasks are among the most
demanding of the trainee and require some of the most compliex equipment
for simulation,

6.2.,2 Feedback

In general Zeitgeist has been that feedback or knowledge of results
facliitates training, (see Smode, 4958) While this is true in the
general case there are cautions which should be observed when applying the
feedback principle to the particular case or when carrying out research
with particutar tasks., For example, Briags (1962) points to the Inter-
active effect of type of augmented feedback (positive or negative), com-
plexity of the feedback criteria and level of training, He draws attention
also to the importance of the feedback withdrawai schedule. Ward and
Senders (1966) suggest that adding an elemsnt to the task such as a
feedback method has a degree of workload associated with it and may interfere
with carrying out the primary tasks due to the time sharing requirements,

{ The work of Feuerzeig (1971) in providing instructional monitoring

g Is belleved to be a method of feedback which should prove highly
beneficial In Undergraduate Pilot Training but must be Investigated as
to the interference effects and the feedback withdrawa! schedule,
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Feuerzeig provided the trainee with computer genarated diagnostic infor=
mation, instructional suggestions and a two-dimensional dynamic display

of the progress through a task such as a holding pattern., His results
suggest that si~h an approach to feedback to the UPT trainee, particularly
for instrument flight training, should be investigated.

6.2.3 Sequencing of Training Tasks

While senguancing of training tasks was listed as being one of tne
top prioriily items by the Training Problem Panel, it is suggested that
the solution to this problem is more properly carried out using the 1SD
task analysis approach suggested in Manua! 50-2, How best to teach aach
of the separate tasks may be approached through research in training
methodology such as those of coanitive pre-training and feedback, It is
recommender; that the proper sequencing of these tasks, however, may more
properly be dons through synthesizing the tacks into an overall curriculum
by vhe use of ISD procedures, The comparative test of two optimized
sequences may be cariied out as a final test using the ASUPT as the
criterion device within which all trairing is glven and final training is
tested, This firal comparative experiment should be undertakan after
thorough analyses of the tasks required of the pilot and should property
Include a synthesis of the tasks of the total curricuium based upon the
analysis carried out by Meyer et al, (1974),

6.2.4 Contextual Training

The arguments for investigation of contextual training are ldentical
to those just presented for sequencing of the training tasks, The context
within which certain tasks are to be trained should be established and
synthesized by task analysis prior to any experimental investigations,
Compasrative studies of two or three of the candidates for "contextual"
training should then be investigated In ASUPT using it as both the training
and the criterion device.

6.2,5 Individualized Instruction

Individualized Instruction is such a broad and diversified area that
it is not possibie to describe research relevant to it in this report,
The research outliined with respect to training methodologies such as
faedback and cognitive training will provide information as to
instructional strategies which may go into an individuaiized instructional
system, It Is recommended that the individual characteristics such as
biographical data and subject source, i,e., Air Force Academy, ROTA and
o forth be maintained on all tralnees usad as subject in the experiment,
The predictive validity of research findings will rest in large part on
information atout present and future trainee poputations, Thus, a data
base may be developed for making management decisions about individual=
ized instructional programs which may be automated to assign instructional
strategies, incentives and guide the ‘trainees' progress as a function of
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his rate of skill attainment, biographicai background and other in-

28 dividual characteristics upon which he may have been selected, The re=-

¥z search being carried out by Human Resources Laboratory, Technica! Truining
B Division, with respect to individualized training will provide useful data
i for mapagement decisions about individualized instruction in flying

3 training and should form a part of the data base.

K
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APPENDIX A

letter of Invitation anu instructions to
Research Problems Panel

Life Sciences, inc.,, under Contract F41609~73=C=-0038 with the
United States Air Force, Is carrying out an investigation the purpose of
which is to produce a Handbook of experiments dealing with the design
and utilization of training simulators., This document will cutliine the
more important experiments necessary of being carried out in order to
answer critical questions regarding simulator hardware design and methods
of simulator utilization, The research to be recommended in this Hand-
book is to be carried out using the Advanced Simuiztor for Undergraduate
Pilot Training (ASUPT) or other research facliities available to the Air
Force Human Research Laboratory/F!ight Training at Williams Alr Force
Base,

It Is expected that the problams to be attacked wili be those im=
portant to a wide range of training situations in which the trainse
acquires cognitive and psychomotor skills in learning to contro! a man-
machine system, However, our emphasis is upon the research through use
of the ground-based trainer and fraln!ng technology In beginnlng pliot
training.

In order to make the Handbook of most value to Alr Force research
and s ansure the most generality across a wide range of beginning
pilot training programs, we are ttempting to involve as many Individuals
with experienca and kno.'ndqe in the problems of beginning training as
possible, This involvement takes the form of asking the Individuals
to present their views as to the most critical training problems to be
attacked using a facility such as ASUPT and the othsr HRL/FT devices,
Therefore, we are attempting to obtain the considered judgmerts of a
group of experts in the field as to the important training pradlems,
After these have been assembled they will be {isted and submitted hack
to the group for priority judaments or order in which thev should be *aken
up in a research program,

| would appreciate very much your becoming a member of this group.
Your participation as a member would be most vaiuable,

| should point out that other equipment available for research on
training problems consists of a T-4G simulator which Is 2 modification of
the ME~J bullt by Link, 1ts main features are a mostion base and a
visual system, The motion system provides three degrees of metion in
pitch, bank and heave, The visual display provides a visual image of
44° by 28° In full color through use of color film and 35 mm slides.
This visual system is known as the Electronic Perspective Transformation
(EPT) system and presents an approach, ianding and take-off sequence
filmed at WIlllamq Alr Force Base,

\ 59




Page 2

Cther equipment includes thres T-40 trainers which were ausigned
to train flight personnei in the typical twin engine jet alrcraft, This
trainer consists of a cockp!t mounted on a two degree of freadom motion
system and an instructor's station. The motion system provides motion
in the pitech and roll axes, Howaever, the pitch motion also provides
vertical transiation at the pilot's center of gravity to simuiate heave
motion, The trziner may be considered as an instrument flight frainer
and useful in research on the problems of instrument flight, engine
systems, navigation, radio, communications and so forth for this type
of aircraft,

A third vrainer is termed the simpiified Formation Flight Trainer
(FFT)., This devica is configured to train the student in formation flying
of the T-38 aircraft, The student "flys" a television camsra which views
a mode! of a T-38 training aircraft, The lmage of This mode: Is pro-
Jected cn a wide angle screan at the student's station, All basic formation
tasxs from loin up to position keeping and in cross-under can te
accomplished in the trainer,

| hope that ycu wilt be abie to help as a member of our panel of
experts and can send me your thoughts on what you regard to be the
critical research issue in simuiator design and utilization at an early
date,

Best regards,

W, G, Matheny
President & Technical! Director
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APPENDIX B

Life Sclences, Inc.
Contract F41609«73~C=0038

Training Probiems List

Visual Simulation Requirements

The visual system in aircraft simulators presents the real world
visual scene outside the aircraft to The irainee., Major probiems In this
area are.

o Field of View - The solid visual angle to be covered by the
display. Measured froem a forward |ine-of-regard, the vertical
and hor izonta! visual angles to be covered by the display,

o Content of the Display - Objcc.s, points, lines and so forth
in the display as sources of information for the trainee in
carrying out his aircraft control tasks.

o Quality of the Display - Aspects of the display such as
brightress, resclution, sharpness, contrast, and distortion
or aberrations of the displayed Image which have to do with
its fagibility,

o Color - The chromsticity of the display, i.e., whether the
visual display is achromatic or contains an approximation to
real world color,

o Depth of Field - The image being displayed to the frainee is
coliimated and thus appear at virfua: infinity or apnear as
a flat plane grojection,

Motion Cue Simufation

This area of research may be sutdiv’ged Into what may be termed the
onset or true motion cues and their washout and_those cues which are
sustained by means of pressures c¢n the trainee's body. The latter may be
implemented by pneumatically d. .ven elements in the simulator seat (G-Seat)
and through the gravitationa! alingment cue provided by tilting the moticn
g latform, Motion cues mey be provided vy the movement of the simuiator
motion platform and possibly the actuation of the pneumatically driven
elements In the G-Seat. The individua: rasearch items have baen broken
out as follows:

0 Contribution of the individual or combined degrees of freedom .
of motion of the platform tc training of the undergraduate
pilot trainee.
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o Contribution of the individual or combined motions of the
degrees of freedom of motion of the platform t¢ the
proficiency measurement of the trainee, e.,g., periodic or
final checks.,

o Contribution of the gravity alignment cue to training, This
cue comas from Tilting the platform such that normal gravity
is used as a substitute for the acceleration when the alrcraft
is accelerating or decelerating, e.qg., during landings.

o Determination of the degree to which the seat pan and beilt
pneumatically driven elements (G-Seat) may provide the
motion cues available to the trainee during various tralning
tasks and maneuvers,

c Determination of the contribution to training of the sustained
pressures provided by the pneumatically driven element of
the student's seat, ’

o Determination of the optimum frequency response in pitch,
roll and yaw of the platform for tiaining cost effectiveness,
i.e,, what fidelity of motion is optimum for training,

o Determination of the optimum program for introduction and
washout of linear movement of the motion platform and G-
Seat for training effectiveness,

Motion=Vision Interaction

This area of research Is concerned with determining the combined
effects upon training effectiveness of the vision and motion characteristics
of the device,

feedback

This area is concerned wi?h the provision of feedhack (knowledge of
results) to the student about .1s performance, Usually feedback 1s glven
relevant to some criterion or standards, This area can be divided into
categories as follows: ’

o Freeze Capabliiity - Refers to the most effective use of the
simulator "freeze" capability In providing feedback.

¢ Sensory Channel -~ Refers to the determination of the mest
appropriate sensory channe! for use in nroviding feedback
or kaowledge of results to the student,

o tnstructor Provided -« Refers to the determination of what

I~ ¢ormation should be given to the student by the instructor
as to the quality of his performance based upon information
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he obtains either from his observations of the student'c
activities, pane! instruments, contact scene or. in the case
of the simulator, specific performance measures of both
criterion and diagnostic nature.

o Frequency - Refers to the frequency with which feedback should
be given to the student, i.e., continuous or at discrete
intervals during his practice of the task,

o Time Delay - Refers to the time interval between the performance
! of the task and the presentation of information relative to

the adequacy or quality of the performance, i.e., whether feed-
back is immediate or delayed,

o Visual Modeling - Refers to the process of exhibiting to the
student on a visual display his progress through a maneuver
as 2 developing two-dimensional spatial pattern on a visual
display. For example, while the student is performing a
holding pattern using information derived from the instrumenis
on the aircraft panel a CRT display may graph for him his
aground path relative to the desired holding pattern, This
information may be withdrawn as trainee learning progresses,

; o Self-Confrontation - Refers to the playback of a trainee's

: performance during a practice trial through activation of the
I instruments and controls of the simulator. Playback may be

| either in siow, real or tast time,
|
!
|

Disorientation Training

This category is concerned with the research Into training to recog-
i nize and ccpe with disorientation during flight, It investigates the
requirements for a simulator to induce disorientation and the methods and
techniques for training in recognizing and coping with the problem,

Auditory Cue Simulation

This area of research Is concerned with the auditory spectra emanating
from the aircraft which may be important in training in severai different
ways as follows:

o As an information source which the student uses in directing
his control movements,

o As a mezns of adding realism to the training situation.

o As noise which interferes with obtaining information or
which may otherwise be detrimental to performance,




Kinesthetic Cue (Control Feel) Simulation

This are~ of research deals with the investigation of the degree to
which the con.r ;1 forces and displacements in the aircraft being simulated

-should be represented in the simulator,

Contextual Training

This area of concern is with training taking place within the context
of operational tasks and applications, For example, basic instrument
maneuvers such as 30° bank turns could be taught in the context of an
overal! maneuver such as an instrument approach, An experimental question
in this area might then be, should tasks suci as 30° bank turns be
practiced separately and uniquely or within the context of a broader
maneuver?

Performance Measurement

Within this category there are five identifiable, independent sub-
categories as follows,

o Check~ride Performance ~ Extent to which check or criterion
rides in the simulator may be substituted for those in the

alrcrafr,

o Diagnostic Measures - Maasures of specific items at a
particular time during a practice session or learning process
which are designed to identify and isolate specific sources
of difficulty being experienced by the trainee in his
acquisition of the criterion skills or knowledge.

o Contro! Output Measures - Identification of the parameters
to be sampled and recorded, e.g., lateral stick input, and
the methods for summarizing or transforming them into the
most meaningful and valid form, e.g., spectral density
function or frequency analyses,

o System Output Measures - ldentification of those parameters
to be sampled and recorded by maneuver or task, e.g,, altitude
or airspeed, and the methods for summarizing them into the
most meaningful and valid form, e.qg., integrated absolute
error, RMS, etc.

o Observer Records of Performance ~ Investigation of the methods
and techniques whereby the instructor pilot or other observer
may record performance through watching the standard instruments
of the alrcraft panel, the contact wori{d scene and the actions
of the frainee,

o Observer Cpinicn Data - investigation of the methods and
techniques whereby an observer such as an instructor pilot,
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test pilot, dasign engineer or behavioral scientist may
record or axpress his judgments or opinions in a useful
and reliable manner,

o Determination of the rafationship between specific and
detai led diagnestic and criterion measures obtainable in
the simulator and those measures possibie of being obtained
by the instructor pllot observing the trainee performance
in the aircraft,

instructional Aids

This area of research is concerned with the methods, procedures and
part-task devices which may be used in connection with a simulator and
within a training system to bring about more effective training., The |lst
of items which may be broken out under this category are as follows:

o Maneuver Demonstration - Refers to the capablility of ths device
for "playing through" the maneuver in automated mode for +th:
purpose of demonstrating it to the student,

o Instructional Cues « In this Item of research use is made of
the instructional cues derived from task analyses In that
the instructional cuss for each task or maneuver are singled
out and made explicit for the trainee. Instructional cues
are defined as the stimuli which provide the information,
often in the form of a ruie or a set of procedures, which
enables the iearner to perform the behavior described in a
performance objective, It is the minima! informational stimulus,
either audible, visual or tactual, which must be supplied to
the learner in order to enabie him to make the desired response.,
The cmphasis in this area of research would be the pointing
out or making explicit to the learner what instructional cues
are involved in performing the task, This may be carried out
through use of the visual and/or auditory display capabilities
of the ASUPT or use of other less complex audio and/or video
devices.

o Part=Task Trainers - Research using much less complex devices
than the ASUPT to train in parts or aspects of a task prior
to ASUPT training. Such devices might include full scale
panel illustrations or pictures, mock-ups, procedures, trainers
and audio~visual devices for training In procedural, perceptual
and cognitive type tasks,

o Prompting and Cueing -~ Prompts are signals which indicate that
the time has come for a specific action to occur and directs
the student to perform that particular action, Cueing is
simitar to prompting but usually refers to a simple signal
that indicates time to act. Thus, o cue is less directive
than a prompt,
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Alrcraft Dynamics Simulation

This area of research deals with the degree to which the equations
descriving the motions of the simulated aircraft should be represented
and implemented in the simulator, It is directed essentially toward
the degree to which these eauations might be simplified in their
implementation in the simulator with possible reduction In required

computer speed and/or capacity,

Pesr Training

Research in which the trainee's peers may observe and work with him
while he practices or engages in the solution of problems, This category

may be subdivided as follows:

irstructional Assist = In which the fellow trainee engages

o
in helping the trainee solve problems or improve his skills
through discussion, suagestion and critique of his
performance,

o Dynamic Observer = in which the fellow trainee acts as an

observer and notes the performance of the trainee

being observed, the types of errors which develop, and
can mentally rehearse his own techniques and approach to
solving the problem or acquiring the skill,

Instructor's Role and Training

This area of research is concerned with developing information which
may be used to make the instructor more effective in'his guldance and
management of the student's progress through the training curricuium,
it may be subdivided into the following categories:

Performance Evasluation = This area includes research in the
training of the instructor in the evaluation of the performance
of the trainee in the simuiator and in the aircraft and the
relationship between the performance measures obtained in each
of +vhese training situations, A greater array of performance
evaluation means is available to the Instructor in the
simulator than in the aircraft, Instructor training in the
use of diagnostic and criterion proficlency measurements

In the simuiator is the concern of this research area., Of
particular concern is the interpretation and transliation of
the more detailed measures taken in the simuiator into
instructional guidance and performance evaluation in the

aircraft,

o

Use of the diagnostic information provided by the simulator
performance measures for eitner oxtemporaneous or
standardized instructions and guidance to the trainec,
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5 o Degree of Instructor Participation - This research |tem
B refers to the degree to which the Instructor actively
i participates in the ongoing practice of the trainee. On
j% the one hand the instructor may demonstrate the task,

talk the student through maneuvers and provide evaluative
and directive information throughout the course of ths
student’s practice, On the other, he may adopt a passive
role in which he provides information only when questioned
by the trainee and injects himself into the training
practice only to assure safety,

o Instructor Motivation - Investigation of the incentlives and
awards which may be used to Increase instructor interest and
enthusiasm, )

¢ Instructor Standardization - Research concerned with training
and measuring the instructor's abi{ity such that he maintains
his effectiveness at a defined and established level,

o Degree of Instructcr Task Automation - This item refers to
! the analysis of the instructor's task and the allocation of
certain of these to automatic execution by the training
simulator, The types of functions and tasks that fall

! within this category are briefings, demonstrations,
performance evaluation and assignment of training tasks,

f o Instructor as Training Manager - Refers to the Instructor's
; control of the progression of the student through the syllabus
based upon student performance relative to specifled ciritaria

. using specific task descriptions and criteria and having
avallabic to him detailed knowiedge of the student's progress

E through diagnostic as well as criterion performance measurement,

[}

i

}

\ 0 Instructor Station and Role in UPT Simulation - Refers to such

\ questions as whether the instructor should be located in or out
) of the cockpit and the optimum design of the instructor's
console,

Relationship of Trainee Traits and Methods of Instruction

This area of research is concerned with the investigation of
relationships between methods ot presenting the training materials and
certain measurable traits of the individual, For example, measurable
traits such as visual fieid dependency, manifest anxiety or perceptual
and cognitive style may be hypothesized to be related to the appropriate
method or mode of instruction to be used for a given fraines,

Cognitive Pre=Training

This area refers to extensive briefing or comnlete understanding
of the perceptions and actions required for completing a task before
it is attempted In the simulator or the alrcraft,
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E ' Sequencing of Training Tasks, Maneuvers a2nd Phases ' .
ﬁ‘ This area of research Is concerned with the ordering of the tasks,
E; maneuvars and phases such that optimum transfer from fundamental skills
4 and kncwladges to tasks of greater difficulty is obtained and results
E, = in the most efficient progressfon through the syliabus, Specific research
£ ’ questions may range from whether instrument flight training should
§ , precede or follow contact flight training to investigations which seek
3 ; to detarmine the hierarchy of skills in the optimum order and methods
£ : of teaching these basic skills,

; e
- ; Trainee Motivation
4 |
§~ ‘ . This area of research involves investigation of the role which in=
< | centives may play in bringing about more effective training. These may
74 i involve competion among trainees or other incentives and awards for

: accomp | ishment,
e

Extension of the Training Syllabus

This area Is concerned with determining the emphasis to be placed
upon training tasks and maneuvers which are avoided in the alrciaft for
reasons of safety, and those which require controlling the aircraft to
the limits of its performence and structural integrity, e.q., control
at the critical airspead limits,

Adaptive Training

In the simulated environment, UPT may be adapted in various ways,
; Under aeither automated or manual control, the actual task, the syllabus,
; and/or simulator characteristics can be modified, The speclfic items
i in this area are:

k! o Individualized Instruction ~ etermination and description of

E, ‘ the specific tasks to be taken up in the sylliabus, specification

-3 of criterion performance either normative or administrative,

A and progression of the student th,ough the sylilabus on a
performance to criterion basis with provisions for branching
back for rehearsal of tasks,

o Machine Adaptive Training - Adjustment of the characteristics
of the training device or media or task such that the trainee
progresses to criterion performance at his own Individual pace
based upon measurement of his progress. Adjustment of the
training situation is customarily such that the trainee's task
Is easy during his Initial practice trials and is adjusted to
become difficult based upor his progress untii he reaches
criterion performance.
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APPENDIX C

Life Sciences, Inc,
Contract F41609-73-C-0038

Assignment of Priorities to
Training Problems

The attached list describes areas of research which have been identi-
fied as those which are pressing in terms of their importance for making
pilot training more effective, Rasearch results providing definitive infor-
mation in these areas would be highly useful in making decisichs as to the
way training should be conducted and the type of training equipment that
shou!d be used,

What is needed now is an ordering of the listed items in terms of
their importance to iincreasing the effectiveness of beginning or under-
graduate pilot training., That parricular item which the rater feels shou!d
be taken up first in an undergraduate pilot training research prcgram should
appear at the tcp of the tist., The basis for assigning priorities should
be tha importance of the research item for Its potential for increasing
training effectiveness, increasing training effectiveness is defined as
bringing the student to critericn proficiency in less training time at less
training cost,

The question posed to the rater is = what is the particular order in
which the items of research should be accomplished in order to provide
tne most useful information to administrators in making training program
decisions, |t is hoped that a reasonably concise and unambigious definition
of each of the research areas has bee~ glven so that they may be reviewed
and priorities assigned.

Each of the items has besen listed separataly on 2 3 x 5 card so that
they may be sorted and arranged in order of priority, As you receive
them tie cards will be in the same order as the items in the attached Iist,
The procedure for sorting is t> select a given card and place it face up
before you, Each of the other ltems (cards) is examined and a judgment
made as to whether it is of greater or lessar priority than the first
chosen (reference) card, Any Item which is judged vo be of higher priority
than the reference card is placed to the righi of t.at card while those
Judged to be of lesser priority are placed to the left, At the conclusion
of this sort the right hand stack of cards is taken up and sorted in pre-
cisely the same manner. That is., 3 reference card Is choser and placed
face up before the rater, The remaining caerds in the stack are then sorted
into two piles, one on either side of the reference card designating either
higiier priority or lower priority thar the reference card, This procedure
is repeated for all stacks ur’ | no cna has more than three or four [tem
cards in it, These three c' four may then be ranked from high to low in
priority, The total stack of cards is then reassembied from greatest to
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{ least priority, |I¥ It is convenient the items should be typed into a !ist
\ ‘in the priority order shown by the cards, {f this is not convenient, the
- prioritized card stack should be secured firmiy and returned to Life
Sciences in this form, |t is preferred, both for convenience in malling
and for insuring that the items will not be gotten out of order, that the

typed list be made,

i

B icas

)

b
kf




APPENDIX D

Ranking of Training Problems Based
Upon Median Rank (i0 Raters)!

ITEM MED!AN Q
_ I. Con“ent of the Visual Display 6.0 10,75
2. Motion-Vision Interaction 11,0 11,50
g 3. OQuality of the Visual Display 12,5 19,75
¥ 4, Performance Measurement-System Qutput
¢ Measures 12,5 12,75
Lt 5. Sequencing of Training Tasks 14,0 11,00
ko 6. Contribution of the Individual or
k- combined Degrees of Freedom of Plat-
9 form Motion to Training 14,0 .75
A 7. Instructor Training - Ferformance
o Evaluation 14,5 11,00
S 8. Cognitive Pre~Training 15,0 9,75
3 9, Performance Measurement - Diagnostic
E: Measuras 18.0 10,00
3 10, Adaptive Training - Individualized
> instruction 18.0 7.50
k. li, Feedback - Self-Confrontation 20,0 14,25
y 12, Feedback - Visual Modeling " 20,0 8.00
4 13, Instructor Training - Use of iagnos-
} tic Informat’on for Student fuidance 21,0 12,00
£ | 14, Feedback - Sensory Channe: 21.5 18,75
- ! 15, Instructional Aids - !nstructional
. Cues 21,5 8,50
E 18, Lonveiul. Training 22,0 9,00
! 17. Contribution of the Individual or
. Combined Degrees of Freedom of Platform
3 Motion to Proficiency Measurement 24,0 17.50
b 18. Instructor Training - Degree of
A Instructor Participation 24,5 18,00
. 19, Feedback - Instructor Providad 24,5 18.00
A 20, Field of View 25.0 16,75
4 21, Adaptive Training - Machine 25,5 10,75
s 22, Determination of the Optimum Fidelity of
§ Response in Pitch, Roll and Yaw of
* the Motion Platform 25,5 16,00
4 23, Instructor Motivation 26,0 23,75
24, Performance Measurement - Relationship 27,3 9,50
25. Determination of the Degree to Which
G-Seat May Provide Motion Cues 27.5 7,75
26, Feecback - Frequency 28.5 12,75
27, Performance Measurement - Obcerver
Records of Performance 28.5 13.25
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Ranking of Training Problems Basad
Upon Medlian Rank (Cont'd)
I TEM MED{AN Q
28. Determination of the Cptimum Program for
Y Linear Movement of the Motion Platform 29,0 13,75
=4 29, Determination of the Importance of the
o Auditory Spectra as an Information
b Source 29,0 16,00
3 30. Instructor Role as Training Manager 29,5 16,25
- 31, Peer Tralning - instructional Assist © 29,5 11,75
b, 2, Performance Measurement - Control
B ‘Output Measures 30,0 14,25
2 33. Instructional Aids - Part-Task
b Trainers 31.0 14,0
K 34, Depth of Field of View in the ¢
P Visual Display 31,5 18,50
. 35, Instructional Alds ~ Prompting and
e Cueing 32,0 12,25
; 36, Instructor Standardization 32,0 16,25
) 37. Performance Measurement - Checkride
s performance 32,5 10,00
38, Determination of the Contributions to
Training of the Sustained Pressures
Provided by the G-Seat 33,0 17.50
b 39, Degree to Which the Control Forces
. and Displacements Should be Represented
E In the Simulatoer 35,5 . 11,50
b 40, Relatlionship of Trainee Traits and
Methods of instruction 33,5 20,75
41, Instructor Training - Degree of
Instructor Task Automation 34,0 19,50
42, Peer Training - Dynamic Observer 34,0 13,25
43, Instructional Aids ~ Maneuver
Demonstration 35,0 15,50
44, Extension of the Training Syliabus 35.0 14,75
45, Contribution of the Gravity Alignment
Cue to Training 35,0 16,25
45, Disorientation Training 35,5 1,25
47, Feedback ~ Time Deiay 36,0 10,00
§ 48, Trainee Motivation 36,5 20,50

49, Performance Measurement - Observer

Opinfon Data 38.0 8.00
50, Determination of tne Importance of the

Aucditory Spectra as a Means of Adding

Realism to the Training Situation 40,0 " 5.50
51, Determination of the Importance of the
Auditory Spectra as Interference or Noise 44,0 10,73
52. Alrcraft Dynamics Simulation 45.0 18,75
72
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Ranking of Training Problems Based
Upon Median Rank {Cont'd)

ITEM MEDIAN Q
53, Feedback~Simuiator Freeze Capability 47,0 7,00
54, Color in the Visua! Display 47.5 1025
55, Instructor Station « lLocation and
vesign 48,0 7.25

Note 1,

in this table the median refers to the mid=point in the distributicn
ot ratings given by the judges, It is that rating vaive at which one-half
or 50% of the judges ratings of the pcrticular item were greater than the
value and one~-half of them were lower, The Q value in the table Is a
measure of the variability of the judges' ratings and is called the semi-
interquartile range., The formula for cue Is Q = Q3 -~ Q. Oy s the point
one~-quarter through the distribution of ratings, i.e., the pdint at which
75% of the ratings are above this value and 25% are balow., Q3 is the point
three=-quarters of the way through the distrivution, Thus, the differencse
between Q3 and Q; civided by two is a measure of the spread or variabiiity
of the judges' ratings,
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APPENDIX E
Scenario for Flights of Instrumented T-37 Alrcraft
Sortie No, |
{. Record runway barometric pressure and temperature, date, time,
2, Take-off,
3., Turn on recorder.

4, Gear-up - record, (1) sveni no., (2) fuel quantity, (3) turbulence
lovei, (4) "climb",

5. Climb to 15,000 feet at a constant 180 KiAS., Perform 4 = 2 minute
trials during climb, Trim before each trial as necessary.

6. Fly to area where maneuvers can be flown.

7. Update event mark -~ record, (1) event no,., (2) fuel quantity, (3)
turbulence level, (4) "descent',

8, Descend at a constant airspeed of 200 KiAS to 2,000 feet. Perform
4 -« 2 minute triais during descent, Trim vefore each trial as
necessary,

9, Trim to 200 KIAS, straight and level, 2,000 feet,

t0, Record (1) event no., (2) fuel quantity, (3) turbulence levei,
(4) trial order A,

1t. Fly 2 minute trials in order A, Trim before each trial as
necessary,

{2. Record (1) event no,, (2) fuel quantity, (3) turbulence level,
(4) "straight and level to base",

13, Return to base at 2,000 feet. Perform 2 minute trials straight
and level during return, Trim betore each trial as necessary.
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- 3 | Sortie No, 2

:‘§ 1. Record runway barometric pressure and temperature, date, time,
" 2. Take-off,

L

I 3. Turn on recorder,

"* 4, Gear-up - record, (1) event no., (2) fuel guanti.y, (3)

b3 turbulence level, (4) "climb™,

4 5. Climb to 15,000 feet at a constant 180 KIAS, Perform 4 = 2

B minute triels during climb, Trim before each t.‘ial as necessary,

d ‘

q: ' 6. Fly to area where muneuvers can oe flown,

753

. 7, Record, (1) event no., (2) fue! guantity, (3) turbulence level,
3 {4) "descent”,

o
'j: 8, Descend at a c. stant airspeed of 200 KIAS to 2,000 feet.

r Perform 4 -« 2 minute trials during descent, Trim befcre each

4 trial as necessary,

i 9, Trim to 200 KIAS, straight and lave!l, 2,000 feet above ground,
3 10. Recorc (1) event no., (2) rue! quantity, (3) turbulence level,
(4) trial order B,

.4 If, Fly 2 minute trials in order B, Trim before each tria: as

4 necessary.,

:,f 12, Record (1) event no,, (2) fue! quantity, (3) turbuience leva:,

9 (4) “"straight and leve! to base",

Q 13, Retuirn to base 2t 2,000 feet, Perform 3 -~ 2 minute trials straight

- and level curing return, Trim before each trial as necessary.

»
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Sorties 3 & 4
Repeat Sorties No., | and 2 except perform straight and level and 30°
bank turns at 100 KIAS,
: Sorties 5 &4 6
‘,3 Repeat Soriies No., | and 2 except perform straight and level and 30°
3‘ bank turns under contact conditions,
2 Sortles 7 & 3
g Repeat Sorties No. | and 2 except perform straight and leve! and 30°
,, bank turns are at 100 KIAS and under contact conditione,
; i
i !
3 |
3
3
3
3 76
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APPENDIX F
Eye-movement Recordings and Data Analysis

It is recommended that the NAC Eye Mark Recorder is to be used as a
method for gathering data for the identification of the objects comprising
the content of the visual display which can be used as referents by the
pilot in control of his aircraft, The NAC Eye Mark Recorder providss a
record of a primary fieid of view 60° in azimuth of the scene directiy
forward of the piiot's head position and an indication on this flels -
view of the pilot's fixation point within the scene. Specifically, this
recorder is an optical device which focuses an ii{luminated reticle re-
flected by the movement of the eyeball so that it always coincides with the
visual line-of-regard, This is superimposed on the primary image and may
be recorded on 16mm fiim or video tape. The video tape recording method
Is recommended because of its capability for instant replay.

The general approach recommended for the collection of these data is
to require Instructor pilots to fly representative undergraduate pilot
training maneuvers while their eye movements are recorded, The specific
maneuvers recommended to be flown are (a) straight and level, (b) steep
turn, (¢) complete (deep) stall, (d) lazy elghts, (e) a shaltow turn, (f)
pattern, approach and landing, and (g) formation flight,

instructor pilot subjects will be selected who are current in the
mansuvers *o be accomplished during data collection, These plilots will be
briefed on the generai characteristics of the eye mark recording equipment
and such safety procedures as are required, This briefing will include
information as to the purpose of the maneuver and data collection procadure.
Tha pilots will te informed as to why they are being monitored and that at
' conclusion of & flight they will be asked to review the recordings of
trLsir eye movemante and to relate what elements of the visuai scene they
were using as they piloted their alrcraft,

An important phase of this investigation Is the post flight review
by the pilot of his eye-movement recordings. It is necessary, on a moment-
by-moment basis, for the subject pilot %o identify the particular element
in the contact worid scene which he Is using fo provide him with infor-
mation for control of specific dimensions ¢t movement of his aircraft, It
is also necessary that he identify any relationships either static or
dynamic between the external world referents and those fixed to his alre
craft, These referent points will serve to ldentify objects, points, lines,
features or characteristics which may then be generated In the contact
reai-world scene provided by the simulator, These idontified referents
will provide the basis for investigations as to the content objects and
their location in subsequent research investigations,

1+ is also hypothesfzed that It is a raquirement of the pilot trainee
to learn to identify and extract the pertinent referen.s from visual

77




"noise" In the contact world scene., This nolse is comprised of other
objects or conditions which serve to obscure the referent and Interfere
with fine discriminations of its relationship to other referents. During
the post flight interview the ptiot must be asked whether he can identify
such condition in the videotape he reviews, They may be such factors as
haze, atmospheric attenuation, low contrast, or any other which tended
to interfere with or degrade his visual perceptions,

Of particular interest in the posi=-flight Interview is Information
relevant Yo the peripheral cues observed and used by the pilots during the
flight, The long standing belief in the importance of peripheral cues
(Hasbrook & Young, 1968) has been recently reinforced by data collected
by Life Sciences, Inc, in which piiots eye-movement records were taken
while hoviring the helicopter, These records show that a pilot could
fixate steadily on a given point on the ground plane for a long period of
time while controlling all six dimensions of movement of his aircraft in-
dicating great reliance on peripheral visual information,

Although the NAC Eye Mark Recorder is equipped with a 60° field of
view lens the peripheral vision of the human operator extends beyond that
tleld and it is quite probable that information is availabie and utilized
by the pilot which is not recorded, The post-fiight review of the record-
ings and the interviews chould cover this possibiiity, i.e., the ptiot
should attempt to recalil and eiaborate upon any peripheral cues which are
rot visible in recordings at any point he feels nacessary,

Although the line-cof-regard of the pilot can be established with tThe
Eye Mark Recorder this doces not establish the fact of the object or area
on which the eye is fucused, That is tc say, that the |ine-of-regard
reticle of the recorder resting upon an object dces not necessariiy mean
that the eye is focusad upon that object, although it is highly probable
that it is. Tie pliot, therefore, must be able to expiain precisely what
object or point he was focused upon during the portion of the maneuver
which is visible on the video tape. The pilot may provide narrative infor-
mation on a voice truct of the video tape during data collection, This
narrative is not deemed critcally necessary but could prove helpful,
if there is any iIndication that such a narration Is interferring with
the pilois ncrmal flying of the maneuver it should be discontinued,

Although it Is preferable that a given maneuver be accompiished in
"discrete" fashion with immediate return to the flight line for playback
and Interview, the data collection sequence is open to variations because
of the practicalities of flight data collection, Ior example, data might
be collected on taxi and take-off, climbout, and immediate approach and
landing with return to the flight line and playback and interview covering
this sequence. It Is recommended, however, *hat to the meximum extent
possible, an extended sequence of maneuvers not be accomplished since i+t
would require a greater amount of recali by the pilot and certain tactors
may be forgotten before the interview session,
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Documentation of eye point data in the total field of view wiil be of
direct assistance in establishing the visual environment of the piiot and
can be utilized in other programs, For exampie, the data could be used
by instructor piiots for directing the student's attention tc particuiar
areas of the visuai field during ftraining, However, first and primary use
of the records and the interview data is in generating hypotheses as to
the visual image content and fields of view to be tested in ASUPT,

The outliine of the procedure for carrying out the eye-movement data
collection and analysis is as foilows:

¥o Purchase NAC Eye Mark Recorder and modify for heimet mounting

%o Preliminary try-out of equipment and procedures with HRL/FT
personnel

o Selection of instructor pitot subjects

o General orientation and safety briefing

o Selection and data collection on maneuver
o Playback and interview concaming maneuver
0 Analysis to determine field of view

o Formulation of hypotheses for test
*Accomplished as of this date

At the time of the writing of this report the eye-muvement recording
program is going ahead at HRL/FT, As indicated in the izt of procsduras
to be accomplished the NAC Eye Mark Recorder was obtainzd and modified
for helmet mount, Preliminary data collection to try out both the Eye
Mark Racorder and the video tape equipment has been accomp!ished using
ground vehicles, The means for mounting and operating the eye mark
equipment and the recorder in th: TF37 aircraft have been specified.




APPENDIX G

Functional Description of AVIT Device

A schematic drawing of the existing AVIT is given in Figure 1,
The stimulus devices to which student responds are:

l. An 18 x |l inch rear-projection screen on which photos of the
basic flight Instrument panetl of the T=37, or other photographic, written,
or diagrammatic material, as appropriate, may be presented;

2, A head=-set for audio messages;

3. A set of six "response evaluation" lights Iin two rows of thres,
the top row- labelled ROLL OK, PITCH K, POWER OK against a green Gicke
gcound, and the bottom row fsbelled ROLL ERROR, PITCH ERROR, POWER ERROR
against a red background,

The response mechanisms that the student may use are:

l. A simulated stick 2.d throttle, with a "frigger" switch on the
stick,

2, A row of 5 response buttons, lzbeliad A C, D, and R,

In addition to the above the student hius available a SCUND REPEAT
bution, which 2liows him to repeat zit sudic pssage, and an EXPOSURE
CONTROL dial, the use of which wiii he describad later,

Trainer Mode

The AVIT operates in a nuuhr of ¢i!ferent modes, which are selected
automaticaily by the program materizi, "~ ha basic TRAINER mode will be
described first, '

Eariy in an AVIT progruz a typical program segment (Figure 2) might
be as follows: on frame 20 of the program, following some introductory
material, the student might see on the screen a photo of the instrument
panel with all the instiruments showing the readings that are correct for
2 particular fiight coadition, as shown in Figure 3, The accompanying
audio message (A-10) roviews the readings and instructs the student to
press his trigger switch to advance the first problem frame, frame 21i.

On frame 21, all instrument readings might be ncrmai excezt for a
smai. increase in altitude, There will be no sound messaags with frame
21, but the student will have been instructed previousiy that he is to
make the appropriate control movements to return o his required fiight
condition, He moves the controls to tne position he desires and presses
his trigger switch to "register" his response,
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1f he has responded Incorrectly the AVIT will move automatically to
frame 22, The visual material on frame 22 will be the same as on frame 2i,
but thare will te an audio message (A=11) which will cali attention to the
speci¢ic instrument readings requiring ccrrective action, In addition, the
appropriate response evaluation lights will come on, The audic message
might be:

"Here your attitude, alirspeed and heading are all right, but you
are 100 feet above your assigned altitude, Check the lights to
see whare your speclific error was and then press the trigger to
return to try the problem again",

When the student presses the triggor the AVIT returns to frame 21,
and the response evaluation {ights go out, of course,

when the student has made the right response the AVIT wiil move to
frame 23, The visual presentation on frame 23 will be the normal set of
readings as on frame 20, and the sound messagas (A-12) will specifically
confirm the correctness of the response, For example, A-12 might be:

"Very good, The only prcbiem was a 100 foot error on the altimeter, ‘
Forward stick was needed to begin a return to 15,000 feet, For this small
decrease in altitude, no power change would be necessary, VYery well, press
the trigger swirch i, the next probliem,"

When the student pressad the trigger, the AVIT would move forward to
frame 23, and so on,

Later in the program, the confirmatory frame would be omitted, ond the
student making the correct response would move directiy to the nen? probliem
frame, The green iights would come on briefly to confirm the correctness of
his response, and he would have previously been instructed that he should
respond to the new probiem directly, Such a program segment is shown in
Figure 4,

The program segment structures just discussed are of the simplest kind
and the AVIT is capable of handling much more compiex structures, Figure 5
shows a S-question "pratest" structure, arranged so that the student who
passes the pretest with a perfect score will automatically skip a particular
Instructional sequence., Frams 40 is the introductory frame for the pretas?t,
Frames 41, 42 and 43 are a "warm up" problem on which an error will be
"toraliven", and the audio message on frame 43 (A-27) wouid warn the student
that from now on it was "for real" and ask him to press his trigger to
begin the test.

In Figure 5, the problem framss as such are “-ames 44, 46, 48 and 50
and 52, Any error leads the student to frame 55, where the Instruction on
the particular topic begins, The student who gets all 5 problems right
comes to frame 54, The possible excursion from frame 54 to 55 represents
the fact that we might offer the student who reaches frame 54 the option
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of going through the instruction on the particular maneuver if he desirss
to do so, even though he has passed the pretest, (How the student Indicates
his choice on frame 54 will be discussed under DIDACTIC mode later,)

Both students and instructorepilots have been enthusiastic about the
program structure shown in Figure 6, used in connection with the EXPOSURE
CONTROL mentioned previously, Basically, the structure is a 7 problem
Test saquence where any error returns the student to the start of the
sequence, On the introductory frame (80), however, the student's attention
is called to the EXPOSURE CONTROL switch, which has the following settings:
SELF-PACED, || secs, 8 secs, 5 secs, 3.5 secs, and 2,5 secs, The dis-
cussion so far has assumed that ‘this control was set on SELF-paced, and
that, therefore, the problem remained on the screen until the student
pressed the trigger switch to register his response., On the timed settings
the trigger switch is automatically pressed (in effect) at the end of the
time set, |f the student has not moved the controis to the correct
position at the expiration of the set time, he will score an error, of
course, If he is correct, he moves on to the next probiem, (He can, of
course, register his answer in the norma! way, by pressing his frigger
switch, even with the EXPOSURE CONTROL timer on, if he does so before the
time expirass,)

The EXPOSURE CONTROL timer works only on problem frames (such as 81,
83, 93 in Figure 6.) 1t would not work on the "wrong answer" frame such
as 82, so the student who is working with a low setting, such as 3,5 secs,
gefs a "breather" if he makes an error, at least,

The student who gets ali 7 problems correct emerges at frame 95,
where he is congratulated by the audio (A-68) and offered the opportunity
to begin another similar sequence, perhaps at a tower time setting., In
one AVIT program there are three such seven-question sequences in 2 row,
and if the student wants more practice after completing all three, he can
elect to go back to the first set of exercises, and so on,

Some appreciation of the flexibility of the audio system used in the
AVIT may be obtained from the last two patterns discussed, particularly
that shown in Figure 6, Visua! stimulus presentation devices that permit
flexiblie presentation have been available fcr some time, but audio and
audio~visual devices have generally been locked into a fixed sequence., In
contrast ccnsider how the aucio apparatus in thc AVIT must function to
permit the pattern shown in Figure 6, When frame 81 appears on the screen,
the audio device (a tape player) has the tape so positioned as to be ready
to play audio message A=6l, If the student gives the right znswer, the
AVIT logic switches the tape player fo FAST FORWARD and runs to the be-~
ginning of audio message A-62, but does not play it, |f an error ls made
(on frame 81) the tape player simply switches to PLAY and plays A-61,
stopping automatically at the end of the message. When the student, on
frame 82, presses the trigger switich to return to frame 82, the tape
player must switch to REWINLD, rewind message A-61 and be ready to play it
again, |f the student makes an error on frame $3 and so goes To frame
94, the tape recorder will play audio message A-67, of course, ¥When the

86




e e o ot N P g B L ot vy e h W e . .- A e -
MOERCTERD R 2 s logans Lo g, Reval ] SR R . St N CoAla ” e . 3 -
© - D S A S e D kil e R A ot Wit ey Bty fo s
2o ~ R : iy

S
& | '
2 ‘
-
b
I
2
4 student presses the trigger to return to frame 81, however, the tape
gt piayer must now rewind 6 messages, and stop in a position ready to play
3 A-61 again,
ke
3 DICACTIC MODE
2 Mention was made of *he five lettered buttons A, 8, C, D, and R,
- ‘ The AVIT Is a further development or modification of the AutoTutor Mark 4,
& which Is a branching teaching machine, The student using o Mark 4
H responds to multiple cholce questions by pressing buttons and the Mark 4
3 "branches" the student to appropriate visual material on the basis of the
¥ student's response. A similar capabillty is bullt Into the AVIT, and
5 allows it to operate in the DIDACTIC mode, The DIDACTIC mode has two major
5 purposes:
24 I, First, for instructional sequonces where a multiple choice question
N Is appropriate, For exampie, the visual prasentation might be the altimeter
g alone, and the student would be required to select the altitudn shown from
4 choices appearing as numbers on the screen, witnh a button dasignation
) beside each, The student choosing the right answer would advance to the
- next instruction frame and question, For the student who makes zn error,
% two options are available. In the DIDACTIC mode, the AVIT can operate in
3 a full branching sub-mode, so that each button leads to a different frame,
f or in a "right-wrong" branching mode in which the right answer ieads to
; onhe particular frame, ali wrong answers to a single second frame, The
3 choice depends on whether a single correctional frame is appropriate for
o al!l the errors, or whether It is desired to supply specific correcticnal
E: material for each error., [The reader will recognize that the sequences
: shown for the TRAINER mode all use "right-wrong™ branching. In fact,
K the fulf branching option is avallabie In the TRAINER mode afso, but we
A found no practical use for it in the TRAINER mode and wouid not propose to
i inciude this option in an AVIT designed for helicopter instrument training.]
: In any event, the inclusion of the DIDACTIC mode of cperation allows

. "conventional" branching programmed instruction to be freely intermixed
E with instruction in the TRAINER mode,

3 2, The second use made of the DIDACTIC mode is where the student is
A offered options as to how he wishes to proceed through the program. Such
choice points were shown in the program segmenis shown In Figures 5 and
6, where the student may elent frame 54 to go tnrough an instructional
saquence he is "entitied" to skip by having passad the pre-test for the
maneuver, and in the seagment shown in Figure 6, frame 95, where the

; student may elect to take another test sequence or to go on to the next

marieuver,
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34 OTHER MODES

H Strictly speaking, the AVIT has several other modes of operation which
will be mentioned briefly, Thay and their uses are largely self~explanatory,

MANDATORY FWD mode (MF) no option, used for procedural frames,

Evcursion is initiated by pressing the trigger switch, Frames
40, 43, 47, 49, 51 and 53 in Figure 5 are exampies.

Ex MANDATORY RVS mcde (MR) No option, usod for procedural frames,

Excursion is initiated by pressing the trigger switch or
: the R button, Frames 82, 84, 86, 88, 90, 92 and 94 in
2 Figure 6 are examples,

R AUTO ADVANCE mode (AA) In this mode, the AVIT advances automatically
: to the next frame (in the !oglcal, not necessari!y the numerical
3 _sequence) as soon as the sound message for the frame is

3 finished. This mode has two uses. First, it allows an AVIT

% program to contain segments of conventional audio-visual

E material similar to that used with synchronized sound=-s!ide

E devices, and this frequentiy a useful programming resource,

_ The second use of the AUTOMATIC ADVANCE mode is for excursions

: that are too long to be covered in a single jump, The longest

A 5 single excursion possible in the AVIT for the visual material
‘ is 21 frames forward or hackward, and 3| messages forwarg or

29 backwards on the audio. If a longer excursion is required,
the programmer simply includes an AUTOMATIC ADVANCE freme at
the appropriate point, and automatically begins a new

Y

2
7 ! excursion from that point, With this resource excursions
4 : of any reasonable length become possible,
< 1t should be re-emphasized that the selection cf the desired mode on
3 a particular irame is entirely automatic, requiring no attention from the
3 student or from a supervising instructor., The only control the student or
3 instructor has occasion to use on the AVIT (except for the rasponse devices,
3 of course) is the EXPOSURE CONTROL switch,
4
2
\é
¢
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APPENDIX H

A Recommended Desian for
Experimental Studies Usina ASUPT

R, ¢, Nemaree

Brief, Described hereln is a design which lends Itself to studles of
the relatlonships of plloting performance to conditions of simulation provided
by ASUPT, The information vielded by the desiqn and the way in which it works
are described for an 1llustrative study, Applications*and extensions of the
model, thouah they remain to be specified, are touchad on briefly,

Ceneral, In the tralning of nilots, as well as In nerformance studies
using exoerlenced pilots, the conditions under which piloting tasks are
performed in ASUPT wili often be of an incremental nature., In performance
studies involvina highly proficient pliots, however, progressive deqradations
or reductions in features of simu'ation may Le introduced for the purpose of
determining the extent to which nerformance of plloting tasks depends on such

conditions, In either of these cases, the desiqn described in this paper
would apply.

drSi T s, i 2 R
PN AT P R

I

Characteristics of the desian, The desian calls for stepwise increments
or decrements in simulation with an equal number of observations of nerformanca

at each steo, FEach step will be spcken of as a condition of simuiaticn,
Each condition is either present or absenf, but a sten-down or step=un
arrangement holds, whereby the presence of a particular condition implies

that conditions up to that point are present, or conversely, that conditions
down {o that noint are absent,

Viith the above arrangerment of sets of conditicns under which piloting
performance is observed, an estimate of the multinle linear rearession co=-
efficients for oredicing a pilot's performance score on a qiven mancuver
under a qi-ven set of conditions can te obtained verv easily from the
difference of his scores under adjacent sets of conditions, Such estimates
can be extended to differences among correspondina scores when mora than one

performance score Is obtained for a civen maneuver under different sets of
conditions of simulation.

IR

LR

When two or more observations of performance are obtained for a single
pilot under each set of conditions, the estimated multiple |inear reqression
coefficients are given by the mean of the difference scorezs under adjacent
sets of conditions, This also appllies to studies in which performances are
observed under each set of conditions for two or more pilots, The mean
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performance is computed for each sei of conditlions, Each es?iwated
regression-coefficient Is then equal to the difference In msan performance
for a pair of adjacent sets of conditions, I+ might be noted here, even
though the example given later will make this much clearer, that the step=-
up (or stap~down , If one wishes) arrangement of conditlons Implies that If
there are p conditions there will be p+l sets of conditions, Further, since
the regression coefficients are based on the differences between two scores
the same results are obtained for raw scores as for scores expressed In
mear-deviation form, Specifically, (Y| = Y5) = [{Y| = ) ~ (Y5 = V],

An example of how the design works, In the example which follows,
there 1s a step~-up arrangement for four conditions of simulation, The flve
sets of conditions under which performance of a glven piloting task is
observed on a single pilot can be represented by a matrix, as follows:
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Conditions Y Y2 i
| 2 3 4 = :
b 1o~ 0 0 01 v,V Vb vy Is the performanc :
A score under the | h
b 2 1+ 0 00 \0Y Y29 set of conditions
; for Trial | by a
2 Set of single pliot,
i Conditions 3 1 1 00O Y Y (r =1,2,3,4,5),
2 3l 32 Yip Is simitarly’ de-
k. 4 1 1 1 o0 Y Y find for Trial 2,
;{ 41 42 X Is the 5x4 matrix
k> | 5341 | i 0 Y Y which denotes the
2 ! ! | L2 conditions under
3 , . which performances
24 , - " are observed,
ok b
- ‘ =1 I A
a By Vg - Yu’" b2 ! (Yz2 = Y12) l
9 ! -
[ .
% b2| _ \Y3| - Y2|) . b22 ; (Y32 - YZZ)
b3 gy = Y30 b3y (Y2 = Y32)
' l b4l ' |(Y5' - Y4l)‘l ba2 N I (Y5 = Y42)J
e by Is the 4xi vecior of estimated multipie 1inear
E. regression coefficients, based on Trial |,
k- : by is similarly defined for Trial 2
”é 2 b Is the 4xi vector of estimated regression coefficlents,
ks i based on Trials | and 2,
A
Fe* b - p
3 | Fov,, + v = o+ Yoy ] [, =90 ]
6 (Yg) + Y (Yo + Ypo) (Y3, = Yp.)
A3 31 32) - V21 22 3. 2,
E 2= (by +by) = 1/2 =
4 :
4 b3 (Yg) + Yg2) = (¥3) + Y3p) (Yg, = ¥3,)
i b (Yo, + Yo, ) = (Y, + Y,,) (Yo =Y
, 4
j( 1 ! [ 51 52 41 42 ‘ i 5. 4.3 B
3
? where Y[ is the mean of the performance scores-‘under the
3 pth set of conditions,
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The least-squares prediction equation takes the. form:

. R 3 ‘g‘?x

sirnd ®on,
S L P

Y=xb, where

N i 7o BN

Y= 14es , Y is the 10xI vector 6f p-adicted performence

'L_;z l scores in mean=deviation form;

x 1s +he 10x4 matrix of predictor variables in mean-deviation form,
representing the sets of copditions under which the observed performunce
scores were obtained; and, b is the 4x! vector of regression coefficlients,
The ratio of the variance of the predicted performance scores to the
variance of the observed performance scores is equa! to the squared co=-
efticient of multiple corralation,

2 o2 2 '
= - ala. 2
Thus, RY.I234 .__;'. where o; = F|TY Y; %" ,'q-_'_Y_ , and N 1s the
o - v -
Y

number of observations (10 !;. the present case),

Due to the fact that the matrix of independent or predictor variables
forms what Is called an equally=spaced simplex, the prediction equation is ,
simply i

Yig = Vi, o

where

Y j is the predicted performance score under the ith set of
conditions on the j trial, and

St e

Y!. Is the mean performance score under the !Th set of condlitions,

From the above it can perhaps be seen that 1f a pilot's performance under
each set of conditions were idegtical for both trials, Y; would bo eaual
to Y;j and, as a consequence, R 234 would be equal to 1,00,

The example, described above, could be applied just as readily to two
piiots for whom one performance score was obtained under each snt of
! conditions, as in the present case of one pilot for whom two performance
ﬁ scores were obtained under each setr of conditions. The extension to more than
four condiftions of simulation is straightforward, as long as the same number
of observations of performance is obtalned for each of the p+! sets of
conditions, When this Is not the case, the multiple Iinear prediction
equation is not as simple as In the example given, Speclfically, a predicied
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score under the ith set of conditions would then be based on observed
performances under the (i=i), i, and (i+!) sets of conditions, except
for i=1, in which case only | and (i+]) apply and I=p+!, In which case
onty (i=l) and | apply.

Ffurther applications of the simplex design, An interesting, and
perhaps highly useful, application of the simplex design would be one in
which the conditions of simulation are permitted to vary so that equal
increments in performance are obtained, The ragression coefficlents
would then be equa!l In value and the question of Interest would be to
ascertaln the conditions of simulation e.g., the k values which range from
0 to | for components of mciion simulation, required for attaining equal
increments {or decrements) in observed performances., The usual model for
muitiple linear regression would apply directly, except that the increments
in performance would be required to be equal and the conditions of
simulation would become the dependent variables.

Finally, it is worthy of note that the simplex design as described
in this paper is a tully=crossed design Inasmuch as each pliot's
performance Is observed under all sets of condltions, trials, and tasks,
The resuiting data for a given performance score {dependent variablse)
lend themselves to an analysis of varlance which leads to astimated
components of variance., Computer programs are already available? for
such analyses or can be readily developed,

2. Cornelius, E, T,, Woodward, J. A., and Demaree, R. G,, CRONB:
A Fortran IV program to compute varlance components for various
experimental designs, Fort Worth, Tex.: InsTitute ¢f Behavioral
Research, Texas Christian university, March, 1972,
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APPENDIX I
LIST OF TRAINING PROBLEM PANEL MEMBERS

Or. Paul W, Carc

Human Resources Research Office (Division 6)
P, O, Box 428

Ft. Rucker, Ala, 36360

Prof. Ralph E, Flexman
Director, Institute of Aviation
University of 1lllnois

Wiitard Alrport

Savoy, 11i 61874

Dr. Robert C. Houston, Director
Training Equipment/Frogram Development
American Alriines Fiight Academy
Greater Southwest Alrport

Fort Worth, Tex, 71625

Mr, Dave Killlan

- Training Equipment/Program Development
American Alriines Flight Academy

Greatar Southwest Alrport

Fort Worth, Tex, 71625

Dr, George E, Long

McDonne!l Douglas Astronautics Company - East
St, Louis, Missouri 63166

DOr, Don £, Maver

Headquarters Alr Training Command

Rzndoiph Atr Forcs Base, Tex, 78148

Mr, Robert J. Ontfiveros

Department ot Transportation

Federal Aviation Admialstration

Nafional Aviation Facllltles Experimentai Center
Atiantic City, New Jersey 08405

Dr. Malcoim L, Ritclie
Ritchie, Inc,

630 Brubaker Drive
Dayton, Chio 45429

Mr. Benjeirin Schohan
Missiie Systems Dlvision
Rockweil Initernational
4300 &, Flfih Avenue
Coiumbus, Ohio 43084
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i Dr. Edward A. Stark ’

i Singer Company

: Simulation Products Division

| Binghamton, New York |3905

!
Mr, Donald Vreuls, Presidant

‘ Canyon Research Group, Inc,
Sulte 123
32107 Lindero Canyon Rd,
Westlake Village, Calit, 9136l :
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